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PREFACE

This Technical Note describes the maps and grids currently used at the Air
Force G obal Wather Central (AFGWC) to provide conventional neteorol ogical
support. It does not discuss those used for space environmental support,
however. The enphasis is on the mathenatical equations needed for proper
earth location of neteorological data on both maps and grids. This Technical
Note is intended to serve as a reference for programrers. In addition, it
provides information for users of AFGAC products and the mneteorol ogical
community at |arge.
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Captai n Don Janssen, AFGWC/ADSS, for his help with the Satellite
G obal Data Base sections.

M. Andrew Johnson, fornerly AFGAC/ WPDL, for his initial work on the
grids portion of this Technical Note.
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LI ST OF SYMBOLS

The synbol ogy for this Technical Note is summarized in this section.
Definitions- and acronyns are given in the G ossary.

a Radi us of the earth. The radius of a sphere having the sane
volune as the earth is 6371.2213 km

Bp ~ 3DNEPH box number.

Bg - SGDB box nunber.

de - Distance between grid points on the earth's surface.

de' - Distance between grid points on the earth's surface in the
north-south direction on a Mercator projection.

dj - Distance between grid points on the image plane.

dpy - Distance between grid points on the nap.

d, - The distance of 381 km  Anong other things, this distance

equal s the whol e-nesh grid Iength at 600N (or ©S) for
pol ar stereographic projections, as well as the distance
between grid points on the image plane for polar stereographic
projections true at 600N (or ©8S).

G ~ Gid designator for Mercator grids.

H - Designator of the henisphere on which a polar stereographic
projection is centered.

- Indicator of position relative to grid points in the *x
direction.

I - | index for a second grid.

M - Total nunmber of points in the east-west direction for a
Mercator grid.

- Nunber of nonduplicated points in the east-west direction for

N a Mercator grid.

I'n -~ | index for the 3DNEPH Box IJ convention.

Inp - | index of the North Pole.

| p - | index of the pole.

Ip' - | index of the pole for a second grid.

Ig | index for the SGB Box |J convention as used in this

Techni cal Note.
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J'

JE

JM

i ndex
i ndex
i ndex
i ndex
i ndex
i ndex
i ndex
i ndex

i ndex

for the SGDB Box |J convention as used in SYNAPS.
of the South Pole.

for a whol e-nesh grid.

for a whole-mesh grid as used in SYNAPS.

for a half-nesh grid.

for a quarter-nesh grid.

for an eighth-nesh grid.

for a sixty-fourth-mesh grid.

for a sixty-fourth-mesh grid as used in SYNAPS.

I ndicator of position relative to grid points in the fy
direction

J index for a second grid.

J index of the Equator for a Mercator grid.

Nunber of points in the north-south direction for a Mercator

for the 3DNEPH Box |J conventi on.
of the North Pole.

of the pole.

of the pole for a second grid.

for the SGDB Box |J convention as used in this

Techni cal Note

for the SGDB Box |J convention as used in SYNAPS.

i ndex of the South Pole.

for a whol e-mesh grid.

index for a whole-mesh grid as used in SYNAPS

for a half-mesh grid.

index for a quarter-nesh grid.

index for an eighth-nesh grid.

grid.

J index
J index
J index
J index
J index
J index
J

J index
J

J index
J

J

J i ndex

for a sixty-fourth-mesh grid
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RM

LA

b9

J index for a sixty-fourth-mesh grid as used in SYNAPS.
Any integer.

Mesh factor.

Mesh factor for a second grid.

Map factor.

Constant of the cone.

Radi al distance on the inage plane between the pole and a
given latitude in multiples of grid length dj.

Radi al coordinate of the image-plane polar coordinate system
(r,8).

Scal i ng paraneter defined for polar stereographic projections
so that whol e-nesh grid points are exactly 381 km apart at

60°N (or ©s) on the earth's surface, regardl ess of the
standard |atitude.

Wnd conponent in the *x direction.

Wnd conponent in the #y direction.

Gid-point Cartesian coordinate in the x direction; expressed
innultiples of grid length di (which is a function of nesh
size) fromthe y axis.

X coordinate for a whol e-nesh grid.

A coordinate of the image-plane Cartesian coordinate system
(x,y). The distance x fromthe y axis is with respect to the
image plane, not the surface of the earth.

Gid-point Cartesian coordinate in the y direction; expressed
inmltiples of grid length di (which is a function of nesh
size) fromthe x axis.

Y coordinate for a whol e-nesh grid.

A coordinate of the image-plane Cartesian coordinate system
(x,y). The distance y fromthe x axis is with respect to the
i mge plane, not the surface of the earth.

Longi tudi nal (east-west) spacing between grid points.

Latitudi nal (north-south) spacing between grid points.

Azi mut hal coordi nate of the image-plane polar coordinate
system (r,8 ).

Longi t ude.
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$o
¢1

$2

t

Ref erence | ongitude.
Map scal e

The constant 3,14159,..
| mage scal e

Latitude

The standard latitude for a polar stereographic projection

A standard latitude for
proj ection.

A standard latitude for
proj ection.

a Mercator

a Mercator
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SECTION 1. | NTRCDUCTI ON

The AFGAC system of maps and grids has evolved over the past 20 years.
The systemin its present formis large and conplex. Tarbell and Hoke (1979)
described factors that have led to the present form of the AFGAC
anal ysi s/ forecast system These sane factors have led to the devel opnent of
the system of maps and grids used to support the AFGAC anal ysi s/ forecast
system  These factors include:

a. AFGWC's nission to provide worldw de mneteorol ogical support.

b. The continual devel opnent of neteorol ogical analysis and forecast
model s and techniques at AFGAC and other |ocations in the neteorol ogica
communi ty.

c. The specific hardware at AFGAC.

d. The continual technological devel opment of systens for taking
met eor ol ogi cal observations, especially neteorological satellites.

e. A greater availability of data in the Northern Henisphere than in the
Sout hern Hemni sphere

f. A larger nunber of operational requirements in the Northern Henisphere.

g. The need for grids conpatible with those of other U S. nunerica
weat her centers.

In view of the above reasons, no master plan addressing the entire system
of maps and grids was possible when the systemwas initiated. Even today
changing operational requirements are reflected by the changi ng automated
anal ysi s/ forecast system The system of maps and grids nust change with it.

There are two general classes of environnental support provided at AFGAC.
met eorol ogi cal and space environmental. Meteorological support includes
observation, analysis, and forecasting of the tropospheric and stratospheric
environment.  Space environmental support includes observation, analysis, and
forecasting of the space and near-space environment. Al though some of the
maps and grids are not common to both, only those used to provide
met eor ol ogi cal support will be discussed in this Technical Note.

The mathenatical details of the derivations of the various projections and
maps are not presented here. A so, we do not discuss the formulation of
equations, such as the equations of motion, on the various projections.
Excel l ent discussions of these topics may be found in publications by Deetz
and Adams (1945), Thomas (1952), Richardus and Adler (1972), Gerrity (1973),
and WIlianmson (1979), for exanple.

We discuss the projections and maps nost comonly used at AF GAC in Section
2, with the latitude and |ongitude conventions used in this publication
defined in Section 2.1. Section 3 details the AFGAC grid systens. The
domai ns of the Northern and Southern Hemi spheric regions for identifying and
storing observations are depicted in Section 4. Section 5 is a glossary of
the nost inportant terns presented in this Technical Note. A list of
references is presented in Section 6.



SECTION 2.  PRQIECTI ONS AND MAPS

The map has becone a basic tool of the meteorologist. Saucier (1955)
noted that meteorol ogical maps (charts) used to represent and interpret the
state of the atnosphere "nust best portray the space variations of the
at mospheric variables with consideration for convenience in plotting and
analysis, for accuracy in representation, and for interpretation”. In this
section we present the mathematical bases for the pol ar stereographic,
Mercator, and Lambert conformal projections and maps, which are three popul ar
systens for satisfying Saucier's requirenments.

2.1 CONVENTIONS FOR LATITUDE AND LONG TUDE

Before discussion of map projections, it is necessary to specify the
conventions for locating points on the earth's surface by latitude ¢ and
longitude A For latitude, Northern Hem spheric |ocations are designated in
this Technical Note by ©N increasing northward or by positive val ues
(wi thout the N) increasing northward. Southern Hemi spheric latitudes are
designated by ©s increasing southward or by negative values (wthout the §)
increasing northward. For exanple, the South Pole is at 90°S, or -909°,

For longitude, Eastern Hem spheric |ocations are indicated by ©E
i ncreasing eastward or by positive values between Co and 180° (without the
E) increasing eastward. \Western Hemispheric locations are indicated by ©ow
increasing westward, negative values between -180° and OCo (without the W)
i ncreasing eastward, or positive values between 1800 and 360° (without the
W) increasing eastward. As exanple, 90°E is the sane as 90°, and 90°W
is the same as -900 and 270Q°.

The equations presented in subsequent sections are valid for those
conventions not using the al phabetical designators (N, S, E, W). It is
important to note that in specific applications at AFGAC, |atitude-Iongitude
conventions different fromthose of this Technical Note night be used. As an
exanple, in the global Hough analysis (HUFANL) |ongitude increases toward the
west .

2.2 NMAP CONSTRUCTI ON AND SCALE FACTORS

As used at AFGAC, the term map may be defined as a two-dimensiona
hori zontal representation of the surface of the earth with size convenient for
di splay, analysis, and interpretation of neteorological data. The fundamenta
problemin map construction is the transfer of the earth's geography fromits
actual three-dinensional formto a flat surface in such a way as to present
the earth's surface nost advantageously. Conceptually, two transformations
are necessary: first, the curved surface of the earth nust be transformed to
a two-dinensional surface; second, this two-dinensional surface nust be
reduced to a convenient size

The first transformation has several steps. First, the irregularly curved
surface of the earth is transformed into a regularly shaped surface, usually

the sphere or ellipsoid. In subsequent discussions in this Technical Note, we
will assume that this first step of the first transformation has been
performed so that the earth may be considered spherical. In the second step
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the regularly shaped three-dinmensional surface is transformed into a

two-di mensional one. As will be discussed in the next section this step can
be done in three different ways. In one way the earth's surface is projected
using straight lines, called rays, onto a geonetric figure, such as the cone
in Fig. 2.1, a cylinder, or a plane. Then the surface mght be stretched to
produce some desirable quality, such as conservation of shape or area, on the
resultant surface (the image surface). Finally, if necessary, this surface is
cut and unfol ded, a process called developing, to produce a planar
surface--the image plane (see Fig. 2.2). The representation of the surface of
the earth on the imge surface or image plane is called the projection. The
transformation from curved earth surface to image surface or image plane is
described mathematically, in part, by the inmage scale o, which is the ratio at
a point of (differential) distance on the inmage surface or inage plane to
(differential) distance on the surface of the earth. The nathenatica
expression for image scale varies according to projection and is described in
more detail in Sections 2.4.2, 2.5.2, and 2.6.2

The second transformation consists of uniformy reducing the inage plane
to a size suitable for the purpose intended to produce a map, or nmap surface.
This transformation is described nmathematically by the map scale u, which is
the ratio of distance on the map to distance on the inmage surface or inmage
plane. The nmap scal e specifies the inage-plane reduction necessary to form
the particular map; for exanple, u= 1:7,500,000 refers to a map generated by
uni formy reducing inage-plane distances by a factor of 7,500,000. Maps
commonly used at AFGAC vary in nmap scale from 1:60,000,000 to 1:3,750,000.

Both transformations can be described by one factor called the
map factor m where

m = ou . (2.1)

Thus, mis the ratio at a point of (differential) distance on a map to
(differential) distance on the earth.

2.3 CLASSI FI CATI ON OF PROJECTI ONS AND NMAPS

As previously noted, a particular map is selected so that its
characteristics best suit the purpose of the user. Because the nunber of
uni que projections and maps is infinite, a general classification schene is
needed. Richardus and Adler (1972) presented a schene suggested by Goussinsky
(1951) in which five general classes, which were not nutually exclusive, were
defined. Each class was partitioned into mutually exclusive subcl asses,
called varieties. This schene is summarized here because it offers a sinple
yet conprehensive, method of classifying projections and maps. The five
general classes of the Goussinsky scheme are nature, coincidence, position,
properties, and generation

Nat ure describes the geonetric figure associated with the inmage surface.
The plane, cone, and cylinder represent the only universally recognized

varieties of the nature class; all three are associated with maps for
met eor ol ogi cal use.
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cutting and unfolding (after @Strahler, 1969; John Wl ey
and Sons, | nc., Publishers).
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Coi nci dence refers to the type of contact between the geonetric figure and
the earth. Three varieties have been defined (Fig. 2.3). The tangent variety
includes all projections in which the geonetric figure is tangent to the
earth. In the secant variety, the geometric figure intersects the interior of
the earth. In the pol ysuperficial variety, a succession of different
geonetric figures is used to construct one projection. Although the
pol ysuperficial variety is npbst accurate, the resulting maps are cunbersone
and the transformation equations are quite conplex. The tangent and secant
varieties, on the other hand, often produce easy-to-use maps with an
acceptabl e amount of distortion, and, consequently, serve as a basis for nost
met eor ol ogi cal maps.

Position refers to the alignnent of the geometric figure with respect to

the axis of the earth (Fig. 2.4). In the normal position, the axis of
symretry of the geonetric figure coincides with the rotational axis of the
earth. In the transverse position, the axis of symetry is perpendicular to

the earth's axis. Those projections in which the axis of symetry is neither
perpendi cular to nor coincident with the earth's axis belong to the oblique
variety. The normal variety of geonetric figure is most widely used because a
primary interest of the neteorologist is atmospheric phenonena that, in
general, nove about the earth's axis.

There are three nutually exclusive varieties of the property class.
Equi di stance is defined as correct representation of distance between two
points. This property is limted to certain specified points and cannot be
general i zed over an entire image surface. In the equivalent variety, areas of
features on the earth are preserved on the imge surface; correct
representation of shapes, however, is sacrificed. The conformal (or
orthonorphic) variety includes inmge surfaces in which the angles between
intersecting curves and, therefore, the shapes of small features on the
earth's surface are preserved. Also, a differentially snmall distance on the
projection will correspond to a distance on the earth's surface independent of
direction fromthe point. Conformal maps are used extensively in
meteorol ogy. Their accurate representation of geographical shapes facilitates
the interpretation of neteorol ogical data.

The generation class describes the method used to construct the image
surface. For __teometricg(or perspective) variety, the surface of the earth
is sinply projected using rays onto a geonetric figure. The conventiona
variety includes projections generated purely mathematically wthout regard to
projection using rays. The seni-geonetric variety is a conbination of the
geonetric and conventional varieties.

The Goussinsky classification schene is summarized in Table 2.1. As is
readily apparent, there is a large nunber of unique possibilities.
Projections used as a basis for neteorol ogical maps represent only a snall
subset of this nunber. At AFGAC, extensive use is nade of polar stereographic
and Mercator maps, produced from polar stereographic and Mercator projections,
respectively. In addition, sonme specialized support is provided using Lambert
conforrnal maps. The Goussinsky classification as it relates to AFGAC
projections and maps is shown in Table 2.2. The three projections and nmaps
most commonly used in meteorol ogical applications will be described in detai
in the remai nder of this chapter.
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Table 2.1. Summary of the Goussinsky Cassification Schene (Goussinsky, 1951).

CLASS VARI ETI ES
Nat ur e Pl anar, Conical, Cylindrical
Coi nci dence Tangent, Secant, Polysuperfici al
Posi tion Normal, Transverse, Oblique
Property Equi di stant, Equival ent, Conformal
Ceneration Geonetric, Conventional, Sem-geonetric

Table 2.2. Goussinsky Cassification Schene for AFGAC Projections and Maps.

PRQIECTI ON/ MAP NATURE COINCI- PCSI TI ON PROPERTY GENERATI ON
DENCE

Nort hern Heni spheric

Pol ar Stereographic Pl anar Secant Nor mal Conf or mal CGeonetric

Sout hern Hemi spheric

Pol ar St ereographic Pl anar Secant Nor mal Conf or mal CGeonetric

Mer cat or Cylin- Secant Nor mal Conf or mal Semi-
dridcal geonetric

Lambert Conf or nal Coni cal Secant Nor mal Conf or nal Conventi onal




2.4 POLAR STEREOGRAPH C PRQIECTI ONS AND NAPS

The secant polar stereographic projection is used extensively at AFGAC.
This projection is generated geonetrically (that is, using rays) by
positioning a secant plane normal to the earth's axis at a standard |atitude.
(Fig. 2.5a illustrates the geonetry for the Northern Hemi spheric polar
stereographic projection.) The resulting projection has the confornma
property. In the special case that the standard latitude is a pole (¢ =
909N and 9008 for Northern Henmispheric and Southern Hem spheric polar ©
stereographic projections, respectively), a tangent polar stereographic
projection is formed (Fig 2.5b)., The tangent projection is used at sone
meteorological facilities although AFGAC i s not one of them

In the fotlowi ng discussion, the equations for the secant polar
stereographic projection and map will be presented. The equations for the
tangent case are obtained using ¢, = 900N or o©s,

2.4.1 GENERATION OF THE SECANT POLAR STEREOGRAPH C MAP

The secant polar stereographic map is formed in the follow ng manner.
First, a plane, which is the geonmetric figure for this projection, is passed
through the earth (perpendicular to the earth's axis) at a standard |atitude,
or true |atitude, fr s AS shown in Fig. 2.5a. At AEGAC, ¢ = 600N is used
for the Northern Hemispheric pol ar stereographic projection and ¢ = 6008
for the Southern Hem spheric polar stereographic projection. Next, for each
latitude ¢ a straight line, or ray, is drawn through the pole (point P) of the
opposite hem sphere and the surface of the earth (point E). This ray (ray PIE
in Fig. 2.5a) projects the surface of the earth onto the plane, the image
plane and image surface in this case, at point |. After the desired points on
the earth's surface are projected the inage plane is reduced to a map of
manageabl e size by neans of the map scale w (see Section 2.2).

The image plane (inmmge surface) and map (Fig. 2.6) are conformal and have
the followi ng characteristics:

a. Lines of constant latitude are concentric circles centered at the
pol e.

h. Lines of constant longitude (neridians) are depicted as straight
lines radiating fromthe pole. These radials are spaced at the sane angul ar
increment as neridians on the earth

2.4.2 POLAR STEREOGRAPHI C | MAGE SCALE

As noted previously, image scale accounts for the transformation from the
earth's surface to the inmage surface or image plane and is the ratio of
di stance on the inmage surface or image plane to distance on the earth's
surface. For a polar stereographic projection true at latitude ¢, the inmge
scale a is given by

1+ H sin¢0
o(¢) = —8 — (2.2)
1+ Hsing

where ¢ is latitude. Eg. (2.2) is valid for both Northern and Southern
Hem spheric polar stereographic projections, wth

-9-



a)

Figure 2.5.

b)

Side view of the geometry for constructing Northern
Hemispheric polar stereographic projections: a) secant
variety (standard latitude %, = 60°N) and b) tangent
variety (9, = 909N). The South Pole is designated by

P and the earth's center by 0. The point E at latitude
on the earth's surface is projected onto point I on the
geometric figure, a plane.

-10-



. Nortnern Hemispheric poiar stereographic sap.



+i, Northern Hemispheric projection,
H = (2.3)
-1, Southern Hemispheric projection.

Not e that Southern Hem spheric |ocations (¢ < 0°) nay exist on a Northern

Hem spheric projection (H = +1), and vice versa. The latitudinal variation of
imge scale is shown in Fig. 2.7. The solid curve is the secant case

for ¢, = 600N or ©°s and the dashed curve is the tangent case

(¢ = 900°N or ©s). Earth distance is preserved on the image plane (inage
sutface) only at the true latitude ¢ , where ¢ = 1. Poleward of latitude °,
the distance between two points is larger on the earth than on the inmage plane
(imge surface), whereas equatorward of ¢, the distance is smaller on the
earth.

2. 4.3 | MAGE- PLANE COORDI NATE SYSTEMS

An image-plane Cartesian coordinate system (x,y) can be defined for the
pol ar stereographic inmage planes. The orientation of the coordinate axes for
the Northern and Sout hern Hemi spheres is shown in Figs. 3.6 and 3.7,
respectively. In both henispheres the origin is the pole, the positive x axis
coincides with the 100 neridian, and the positive y axis coincides with the
100°E neridian. These orientations result in a right-handed system for the
Northern Henispheric projection and a |eft-handed system for the Southern
Heni spheric projection. The inmge-plane Cartesian coordinates of any point on
the earth's surface are given by

X =0 i COS¢ cos(“A-—/\G> > (2.4)

v =0 & cosg sin(x—)xo) R (2.5)
where g is the imge scale, ¢ is the latitude, Ais the longitude, »is the
reference longitude of the positive x axis (at AFGAC, Q= 10°E), an8 a is
the earth's radius. In this Technical Note we use the radius of a sphere
having the same volune as the earth for a,

a = 6371.2213 km. (2.6)
Certain nunerical nodels at AFGAC may use slightly different values for a.

A correspondi ng i mage-pl ane polar coordinate system(r,8) has al so been
def i ned. As shown in Figs. 3.6 and 3.7, radial distance r increases with
di stance fromthe pole. Also, azinuth § increases from the reference
| ongi tude, = 10°E, in the counter-clockw se direction on the Northern
Heni spheric 8rojection and the clockwise direction on the Southern Hemni spheric
projection.  The polar coordinates on the imge planes are given by

r=0 a co

1]

. (2.7)

d = A o=~ A (2-8)
@)



Figure 2.7.
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2.5 MERCATOR PRQJIECTI ONS AND MAPS

A secant Mercator projection is used at AFGAC for certain tropical
applications. A though in our discussion we enploy the cylinder as the
geonetric figure used in the construction of the Mercator projection, this
projection was originally derived wthout consideration of geonetric figure by
CGerhardus Mercator for its navigational benefits (Deetz and Adans, 1945).

This conformal projection can be generated sem -geonetrically by projecting
the earth's surface onto a normally positioned cylinder that intersects the
earth at standard |atitudes ¢; and ¢, (Fig. 2.8a) and then shrinking the
result in the north-south direction. For the case where ¢; = ¢ = 0°

(Fig. 2.8b) the tangent Mercator projection is obtained.

In the follow ng discussion, the equations of the secant Mercator
projection and map will be presented. Equations for the tangent case are
obt ai ned using ¢; = ¢, = Q°.

2.5.1 GENERATI ON OF THE SECANT MERCATCR MAP

The secant Mercator map can be derived in the follow ng nanner. First, a
cylinder, which is the geonetric figure for this projection, is aligned so
that its axis coincides with the earth's axis and intersects the earth's
surface at latitudes ¢; and ¢, For AFGAC projections, 9% = 22.5°N
and 9 = 22,598. Secondly, for each latitude ¢ a ray is drawn through the

center of the earth (point 0) and the earth's surface (point E). This ray
(ray CEl in Fig. 2.8a) projects the surface of the earth onto the geonetric
figure, the cylinder, at point I. In Fig. 2.8a, ray OIL'E' projects the

Equator onto the cylinder. After the desired points on the earth's surface
are projected, the resultant is shrunk in the north-south direction to obtain
an image surface that is conformal. Next, the imge surface is developed into
the image plane by cutting the inage surface along a reference neridian and
unrol I'ing. Finally, the imge plane is reduced to a map of nanageabl e size by
means of the map scale .

On the inmage plane and map (Fig. 2.9), latitude circles are depicted as
parall el straight lines spaced as a function of latitude. Meridians are
depicted as equally spaced, parallel straight lines and are oriented
perpendicular to the latitude lines. Spacing between neridians on the inmge
plane is equal to spacing between neridians on the earth at the standard
latitudes. Loxodrones (lines of constant bearing) are straight lines on the
i mage plane and map.

2.5.2 MERCATOR | MAGE SCALE

For Mercator projections true at latitudes ¢; and ¢, image scale is a
function of latitude ¢ and is given by

V= cos¢ sec¢ =cosq  secd . (2.9)
1 Z
The latitudinal variation of inmage scale is shown in Fig. 2.10 where the solid
curve represents the secant projection (for ¢; = 22.5°N, ¢, = 22.59s)
an3 the dashed curve represents a tangent projection (ql =9, =09.1n

oLe

-14-
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Figure 2.8.

b)

Side view of the geometry for projecting the earth onto a
cylinder: a) secant variety (standard latitudes

(¢; = 22.5°N, ¢ = 22.598), and b) tangent variety

(97 = ¢p = 0°). The South Pole is designated by

P and the earth's center by O. The point E at latitude ¢
on the earth's surface is projected onto point I on the
geometric figure, the cylinder. The point E' at the
Equator is projected onto point I'.
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this secant case, earth distance is preserved on the imge plane (imge
surface) at 22.50N and 22.508 (where ¢ = 1). Equatorward of these

latitudes, o is less than unity so that the distance between two points is
greater on the earth than on the image plane (inmage surface) , whereas poleward
of ¢; and ¢» the distance is snaller on the earth.

2.5.3 | MAGE- PLANE COORDI NATE SYSTEM

A right-handed inmge-plane Cartesian coordinate system (x,y) is defined
for the Mercator projection. Oientation of the coordinate axes is shown in
Fig. 3.24. The (x,y) coordinates of any point on the image plane are given in
terns of the point's latitude and |ongitude by the follow ng equations:

[ = ]
a t (A=x) cos¢ , iand A in degrees
180° ° f ©
. (2.10)
a ()\—XO) cos ¢1 s A and AO in radians,
y'=a cos? fn{tan %(e+%m)1 = acos¢ £n m) (2.11)
¥y £ P2 2 7T cos¢ J '

In these equations » is longitude and » is the reference |ongitude. At
AFGAC, A is Oo for Mercator projections. Also, ¢ is latitude, cos ¢, (=
cos $2) I's the cosine of the true latitude, 7 = 3.14159..., and a is the

radius of the earth. By egs. (2.10) and (2.11), x increases to the east and y
increases to the north.

2.6 LAMBERT CONFORMAL PRQOJECTI ONS AND MAPS

Lambert conformal projections of the secant variety are occasionally used
at AFGAC for areas centered in the nmiddle |atitudes, especially when the area
has a |onger east-west extent than north-south. To aid in the general
understanding of the characteristics of the Lambert conformal projection, in
the discussion to follow we project the earth's surface onto a normally
positioned cone that intersects the earth at standard latitudes ¢; and
$2 (Fig. 2.11a). Then we shrink or stretch the resultant in both the
north-south and east-west directions. In actuality, however, the secant
Lambert conformal projection is derived mathematically (the conventional
generation of the Goussinsky classification schene). A Lambert confornal
projection of the tangent variety (true at ¢; = ¢) on the other hand, can
be constructed sem -geonetrically.

In the follow ng discussion, equations for the secant projection and map
will be presented. Equations for the tangent case are obtained with
¢; = $2, except as noted in Section 2.6.2.

-17-



Figure 2.11.

a)

b)

Side view of the geowetry for projecting the earth onto a
cone with apex over the North Pole: a) secant variety
(standard latitudes ¢] = 60°N, $o = 30°N) and b)

tangent variety (¥] = !5 = 459N). The South Pole is
designated by P and the earth's center by O. The point E
at latitude ¢ on the earth's surface is projected onto
polat I on the geoaetric figure, the cone.



2.6.1 GENERATI ON OF THE SECANT LAMBERT CONFORVAL MAP

The secant Lambert conformal map can be formed in the follow ng manner.
First, a cone, which is the geonetric figure for this projection, is
positioned so that its apex is directly over one of the earth's poles and its
sides pass through standard |atitudes ¢; and ¢ (Fig. 2.11a). Next, for
each latitude ¢ the surface of the earth (point E) is projected onto the cone
(the geometric figure) at point | by drawing a ray fromthe center of the
earth (point 0) (Fig. 2.1la). After the desired points on the earth's surface
are projected, the resultant is shrunk or stretched in both the north-south
and east-west directions to obtain an image surface that is confornal. Then
the image surface is developed into the two-di mensional image plane by cutting
the image surface along a nmeridian and unrolling it. Finally, the inmage plane
is reduced to a map of manageabl e size by neans of the map scale ®.

The image plane and map (Fig. 2.12) are conformal everywhere except at the
pole. Meridians are depicted as straight lines converging at the pole.
Latitude circles appear as arcs of concentric circles centered at the pole.

In addition, straight lines on the inmage plane and nap approxi mate great
circles. For many neteorological applications, only that part of the
projection in the region of interest is displayed.

2.6.2 LAMBERT CONFORVAL | MAGE SCALE

For secant Lambert confornal projections true at @ and @, image
scale ¢ is a function of latitude and is given by

cos 9, (t"n%(QOOH-@ y "
cos @ Ltan%(9OOH—¢l) J s
yi-no . (2.12)
1+ H 1
s(¢) = cosqz_l sin ¢
cos ¢ 1 + H sing¢ s
(cos ¢y \fl—n l] + U sing, I
LE:n:J__W 1 + H sing | ,
wher e
fm(cos @2 }
\cos ¢
o= > (2.13)
(tan'(90 E-¢ )]
n —|
tanflz.<90 H—¢1)J
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Figure

2.12.

Lambert conformal map with standard latitudes 609N/30°0N
and with a reference iongitude *g of 0° (after @
Strahler, 1969; John Wiey and Sons, Inc., Publishers).
Therefore, n = 0.7156 by eq. (2.13). The inage-pl ane
Cartesian coordinates (x,y) (see Section 2.6.3) and the
i mge-pl ane polar coordinates (r,8) are included.
Longitude A is related to azinuth 6 by eq. (2.18).
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SECTION 3. GRIDS

The advent of high-speed digital conputers in the 1940s offered new
opportunities in meteorology. For the first tine it became feasible on a
near-real-tine basis to produce nunerical weather forecasts based on the
hydr odynani ¢ equations. In addition, conputers could be used to display and
anal yze large quantities of data, thereby reducing the anount of tine and
effort required by the meteorologist to assimlate nmeteorol ogical information.

To facilitate manipulation of data on these conputers, grid systens were
devel oped.  The term grid may be defined as an array of points. For
met eor ol ogi cal applications these points are |ocated at the intersections of
uniformy spaced parallel and perpendicular lines (Fig. 3.1). In neteorol ogy
(as well as other fields such as geography and navigation), this array is
given nmeaning when it is superinposed on a map (Fig. 3.2) so that individual
grid points represent points on the surface of the earth. An indexing
convention called the (1,J) indexing convention has been devel oped to identify
i ndividual grid positions. An exanple of the (I,J) indexing convention used
for nost grids at AFGAC is shown in Fig. 3.3.

O course, observations of the atnmosphere normally are not taken at grid
points, but instead at irregularly spaced points. The process whereby the
data are interpolated fromthe observational points to the grid points is
called analysis. At AFGAC anal ysis of neteorol ogical data is perforned by
nunerous nodel s-- the Hough gl obal spectral analysis nodel (HUFANL) and the
Thr ee-di mensi onal Nephanal ysi s Mbddel (3DNEPH) are inportant exanples. At
AFGAC, worl d-w de observations from |and surface stations and radi osondes, for
exanple, are stored individually in data bases separate fromthe gridded
dat a. (Appendi x A provides the nunbered geographic regions in which the
observations are located globally by the Wrld Meteorol ogi cal O ganization
(WwMO) and are stored in the AFGAC data base.)

At AFGAXC, reference grids have been defined to provide a basis for the
many grids used. For a given inage surface (such as a Northern Henispheric or
Sout hern Heni spheric polar stereographic projection), a common geographica
region is specified for all reference grids. The shortest distance between
adjacent grid points on the polar stereographic Wole-mesh Reference Gids is
referred to as the whole-nesh grid length. Al finer-resolution grids
superinposed on a given inmage surface are defined relative to the Whol e-nmesh
Reference Gids. For exanple, distance between half-nmesh grid points is
one-half the distance between whol e-nesh grid points; distance between
quarter-nesh grid points is one-fourth that between whol e-nmesh grid points.
The relationship between a whole-nesh grid and its half-mesh and quarter-nesh
counterparts is shown in Fig. 3.4.

A nunmber of smaller-area grids that are subsets of either the Wol e-nesh
Reference Grids or a finer-nmesh version of these reference grids are also
defined. These areal subsets, Wwhich cover only a specific area of interest,

are used to econonize conputer resources.

In this section, AFGAC grid systens will be described. Included are polar
stereographic, Mercator, and latitude-longitude grid systems. For each of
these three systens a description is given for the reference grid, finer-nesh
versions, and areal subsets, when applicable. This information has been
di scussed, in part, in publications by Headquarters Third Wather Wng (1962),
Johnson (1977), and Headquarters AFGAC (1978).
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An exanpl e of the (I,J) indexing convention used for nost
In this exanple, the colum index |



®  QUARTERJESH POINT
(O HALF-MESH POINT

<D WHOLE-MESH POINT

Figure 3. 4. Rel ati onship between whol e-nesh, hal f-mesh, and
quarter-nesh grid points. Note that each whol e-mesh point
is also a half-mesh and quarter-nmesh point. Simlarly

each half-mesh point is also a quarter-nmesh point

-27-



ne foilowiaz figures that lines establishing
ss through the grid p0| ts, not bet ween them

It is important tO no:
boundaries of the various

N(“
Qj
©
(0]

3.1 POLAR STEREOCRAPHIC GRIDS

Polar stereographic grics are usec extensively at AFGWC for nuneric2l
conputations and automated dispicys. AS the nawme NP 11es, these grids ars
based on polar stereogrephic projectiocas. Two reierence domains ' have been
defined at AFGAC- - one centerec or the Northern Hemisphere and the other
centered on the Southern Hem sphere. The comezins are based on secant pol ar
stereographic projections true a:z 500N and 98, respectively. {(The secant
pol ar stereographic D*o1eur1M4 ‘s crecugsed in Section 2.4), For both the
Norvnern and Southern | 3 o nze grias of various
resolutiocng nave baen : hic grids for numerical
analysis ana forecasting , 5 :bsets, these reference grids.

a wizole~mesh gr;c as one in
GOON or 95 on the

, 10T ex ﬂp'e by
Tt on & po.ar stereographic
cr 93}, In this
Cys that zs,
¢ = D& Km {3.1)
o

whoie—mesh grid points on the earcth's surface is a

is nama2d coe whoLe—mesh grid length {or grid

, cvid urlz, ¢to.). A lncreasingliy popular name for

thois unit is (s < 3 d for H. A. Bedient,

of the Joint

who wa$ ilnstrun : ; 3 ms

Numerical Weazher Prediction Unit n the 195Us Cther grid lengths are simply
fractions of thie whovle-mesh L& iengtn--n sh, quarter mesh, eighth mesh,
and saniv-foury

.+ JoToa
co= . ' (3.3)

latituge ¢,. For
E designates
cguals 381 km.




By definition of image scale o (Section 2.2) and egs. (2.2) and (3.2), the
di stance de between grid points on the earth's surface is

d sM
(o]

wher e

1+ H sin
¢o

o(¢) = —m8 — (3.5)
1 + Hsing¢

which is valid for both Northern and Southern Hem spheric projections.

By substitution of egs. (3.3) and (3.5) into eq. (3.41, do can be shown to
be independent of standard latitude. For a whole-nesh grid (M=1) on a
Northern Hemispheric map (H = +1), d, is 381 kmat 60°N, as expected. A
plot of d, as a function of latitude is shown in Fig. 3.5 for a whol e-nesh
grid.

By the definition of map scale u (Section 2.2) and eq. (3.21, the distance
dm between grid points on the map is given by

d = wudy =pd S M . (3.6)
Thus, for a whole-nesh (M = 1) polar stereographic grid with map scale u =
1:15,000,000 and true at 600N or ©S, d; = 2.54 cm= 1 inch.

The (I1,J) indexing convention for the grids identifies positions relative
to grid points. The convention is left-handed for the polar stereographic
grids: the colum index | increases from1l on the left of the grid toward the
right, whereas the row index J increases from1l at the top of the grid toward
the bottom Figs. 3.6 and 3.7 provide exanples for the Northern Henispheric
and Sout hern Hemi spheric Wol e-nesh Reference Gids, respectively.

The grid-point Cartesian coordi nates (X,Y) for a point are expressed in
nmultiples of grid length di (which is a function of mesh factor M) from the
pole according to

X = I~ s
p (3.7)
y=-H (J—Jp) , (3.8)
where | , and Jp are the | and J coordinates, respectively, of the pole on

whi ch the projection is centered. The point (I p»Jp) may actually be

outside the domain of the grid, as with the U S’ Boundary-|ayer Mdel grid,
for example. His +1 for Northern Hem spheric grids and -1 for Southern

Hem spheric grids (eq. 2.3). Egs. (3.7) and (3.8) are valid for any point on
the earth. Exanples for the Northern Hem spheric and Southern Heni spheric
Whol e-mesh Reference Gids are given in Figs. 3.6 and 3.7, respectively.
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Figure 3.6. The Northern Hem spheric Wol e-mesh Reference Gid. The ~~

domain for this polar stereographic projection extends into
the Southern Hem sphere, which is not plotted. Also
included are the axes for the (I,J) indexing convention,
the i mage-pl ane Cartesi an coordinates (x,y), the grid-point
Cartesian coordinates (X,Y), and the inage-plane pol ar

—<
o

B &
&

8

k

coordi nates (r,®).
t he whol e-nmesh grid

The w subscripts indicate values for
The longitude is » and A, is the

reference |ongitude (109E at AFGWC).
the (x,y) coordinates are,
the imge plane.
in the upper-left corner
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The Sout hern Hemi spheric Whol e-nmesh Reference Gid. The
domai n forthis polar stereographic projection extends into
the Northern Hem sphere, which is not plotted. Also
included are the axes for the (I,J) indexing convention,
the i nage-pl ane Cartesian coordi nates (x,y), the grid-point
Cartesian coordinates (X,Y), and the image-pl ane pol ar
coordinates (r,8). The w subscripts indicate values for
the whol e-nesh grid. The longitude is Aand %, is the
reference |ongitude (100E at AFGWC). The distances for
the (x,y) coordinates are, by definition, with respect to
the image plane. The whol e-mesh grid spacing is displayed
in the upper-left corner.

_32_

Y
L]

l
8

l
0—#+++H+{»+-H+~|ﬂl++ﬁ<|
3

o

&



—

| mage- pl ane Cartesian coordinates (x,y), discussed in Section 2.4.3 (egs.
(2.4) and(2.5)) and plotted in Figs. 3.6 and 3.7, can be calcul ated from
grid-point Cartesian coordinates (X,Y) by nultiplying each (X,Y) val ue by
di, the distance between grid points on the inmage plane (see eq. (3.2)).
That is,

x=d, X (3.9)

y=d, Y . (3. 10)

From egs. (2.2)-(2.5), (3.2), (3.9), (3.10), and trigononetric identities,
the latitude of any grid point may be cal culated as follows:

d SM { |
¢ = H arcsin ° (3.11)
I T T e
d_sM SR

In the preceding equation ¢, is the standard |atitude (609N or ©°S at
AFGWC); a represents the radius of the earth; (X,Y) are the grid point's
Cartesian coordinates as defined in egs. (3.7) and (3.8); M is the nesh
factor; and H d,, and S are given by egs. (2.3), (3.1), and (3.3),
respectively. The arcsin function has principle values from =900 to +900.

From eqgs. (2.4), (2.51, (3.9), and (3.10), the longitude of any grid point
can be calcul ated using the arccosine function:

( X
—
A, +oarccos o 2}/2 , Y >0 ,

X +Y -
L J

A =< A - arccos| g, o\ 5% , Y <0 , (3.12)
0 <)

\ {(by definition) ., X=Y=29

(6]

Once again, X and Y are defined in egs. (3.7) and (3.8). Note that i,, the
reference longitude, is 109E at AFGAC. The arccosine function has principle
val ues from OCo to 180°.
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The (I,J) coordinates of any point may be expressed in terms of the
point's latitude and |ongitude according to

T T o] N r‘/‘ b
D=1 + r{‘\: «,o.;\,./&—,*\o) s (3.13)
J o= (‘P - R, sln(/\-).o; , (3.14)
wher e
n = 20C0S¢ _&C cosg
M a. G S M (3.15)
1 O

Ry is the radial distance on the inmge piane between the pole and |atitude ¢
in miltiples of grid length di (see eq. (3.2)). The radius of the earth is
represented by &, the nesh factor is M longitude is A reference |ongitude
is Ay, the p subscripts designate the coordinates of the pole, d, is 381

km and ¢ is given by eq. (2.2), H by eq. (2.3), di by eq. (3.2), and S by
eq. (3.3).

Indices (I,J) of one grid may be converted to indices (I',J') of any other
grid by

el T (3. 16)

N = + :—7—' ((, - o o . (3.17)

Here M and M' are the nesh factors for the grids with points (I,J) and
(1',J3'), respectively. These two equations appiy to any two polar
stereographic grids projected on the same hem sphere.

3.1.2 POLAR STEREOCGRAPH C REFERENCE GRIDS

Pol ar stereographic reference grids exist for the Northern and Southern
Hem spheres at resoiutions to provide weather support from the synoptic scale
down to the mesoscale. For a polar stereographic projection centered on a
gi ven hem sphere, the domains of 211 the reference grids are the sane; they
include the entire hem sphere on which the grid is centered and, at the
corners of the grids, extend well beyond the Equator into the opposite
hem sphere. (Fig. 3.6 provides an exanple using the Northern Hem spheric

Whiol e-nesh Reference Gid.)



3.1.2.1 THE NORTHERN HEM SPHERI C WHOLE- MESH REFERENCE GRID

The Northern Hem spheric Wol e-mesh Reference Gid (sonetines called the
Nort hern Heni spheric Wol e-Mesh Super Gid) is a 65x65 whole-nmesh grid based
on a Northern Hem spheric polar stereographic map with standard |atitude
600N (Fig. 3.6). For a map scale of 1:30,000,000, the grid can be
constructed by superinposing a 65x65 array of points on a map with one-half
inch between points. For the Northern Henispheric Wol e-nesh Reference Gid,
eqs. (3.1)-(3.15) apply with the parameter values given in Table 3.1.

The (1,J) indexing convention for the Northern Hem spheric Wol e-nesh
Reference Gid is shown in Fig. 3.6. The colum index I varies from1 on the
left of the grid to 65 on the right, whereas the row index J varies from1l at
the top of the grid to 65 at the bottom  Colum 33 (I = 33) coincides with
the 100°E and 800W neridians; row 33 (J = 33) coincides with the 1700w
and 109E neridians. The North Pole is represented by point (33,33).

In Fig. 3.6, the (whole-mesh) grid-point Cartesian coordinate system (X,Y)
defined for the Northern Hem spheric polar stereographic projection is
superinposed on the Northern Hem spheric Wol e-nesh Reference Gid with the
origin of the systemat the North Pole. The positive X axis is oriented in
the direction of increasing | and the positive Y axis in the direction of
decreasing J. The (X,Y) coordinate system serves as the frame of reference
for orientation of gridded wind conponents: u and v conponents are positive
in the directions of increasing X and Y, respectively.

Table 3.1. Parameters for the Northern Hemi spheric Wol e-nmesh Reference Gid.

PARAMETER DESCRI PTI ON

H=+1 Northern Hem spheric projection
$o = 60°N standard | atitude

M=1 whol e-mesh grid

de(at ¢ = 60°N) = 381 km grid length at 600N

1 <I<65 grid points in the | direction
1 <J <65 grid points in the J direction
(Ip,Jp) = (33,33) pol ar |ocation (North Pole)
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3.1.2.2 THE SQUTHERN HEM SPHERI C WHOLE- MESH REFERENCE GRI D

The Southern Hemi spheric Wol e-mesh Reference Gid (also called the
Sout hern Heni spheric Wol e-nesh Super Gid) is a 65x65 whol e-nesh grid based
on a Southern Henispheric polar stereographic map true at 60°s (Fig. 3.7).
For a map scale of 1:30,000,000, the grid can be constructed by superinposing
a 65x65 array of points on a map with one-half inch between points. For the
Sout hern Hemi spheric Wol e-nesh Reference Gid, egs. (3.1)-(3.15) apply with
the parameter values given in Table 3.2.

The (I,J) indexing convention is shown in Fig. 3.7. | extends from1 on
the left of the grid to 65 on the right and J extends from 1l on the top of the
grid to 65 at the bottom Columm 33 (I = 33) coincides with the 100°E and
800W neridians; row 33 (J = 33) coincides with the 17004 and 10°E
meri di ans. The South Pole is located at grid point (33,33).

In Fig. 3.7, the (whole-nesh) grid-point Cartesian coordinate system (X,Y)
for the Southern Hem spheric polar stereographic projection is superinposed on
the Wol e-mesh Reference crid for that hemisphere. The origin is placed at
the South Pole with the positive X axis oriented in the direction of
increasing | and the positive Y axis oriented in the direction of increasing
J. As with the Northern Henispheric grid, this coordinate system serves as
the frame of reference for orientation of gridded wind conponents. The ¢
conmponent is positive in the direction of increasing X and, in contrast to the
Nort hern Hem spheric convention, the v conponent is positive in the direction
of decreasing Y.

Table 3.2. Paraneters for the Southern Henispheric \Wol e-mesh Reference Gid.

PARAMETER DESCRI PTI ON

H=-1 Sout hern Hemi spheric projection
0o = 6098 standard latitude

M= whol e-nesh grid

de(at ¢ = 6095) = 381 km grid length at 60°s

1 <I<65 grid points in the | direction
1<J<¢ 65 grid points in the J direction
(IP,JP) = (33,33) pol ar |ocation (South Pole)
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3.1.23 FI NER- MESH POLAR STEREOGRAPHI C REFERENCE GRI DS

In representing the atnosphere with a whol e-nesh grid, approxination
results because snaller-scale notions cannot be correctly represented. In
fact, the shortest wavel ength resolvable on any grid is equal to twice the
di stance between its grid points. A so, wavelengths shorter than about four
grid lengths are handl ed poorly by numerical prediction nodels (Haltiner and
Wlliams, 1980). As nentioned previously, the whole-nmesh grid length is
approxi mately 381 km (exactly 381 lan at 600N (or ©9S)) on the earth's
surface. Consequently, wavelengths shorter than about 1600 km are poorly
forecast using a whole-nesh grid and wavel engths shorter than about 800 km are
not represented at all.

Because many neteorol ogi cal applications at AFGAC are concerned with
scal es of motion nuch smaller than either 1600 or 800 km, finer-resolution
grids had to be developed. Wth the whol e-mesh reference grid as a standard,
a famly of finer-mesh reference grids that cover the sane total area as the
Wol e- mesh Reference Grid has been devel oped for both the Northern and
Sout hern Hemi spheres. Figs. 3.8 and 3.9 for the Northern and Southern
Hem spheres, respectively, include reference grids at half nesh, quarter nesh,
eighth nesh, and sixty-fourth mesh. As the nanmes inply, distance between grid
points on these finer-mesh grids is defined relative to the reference
whol e-mesh grid length. For instance, at a given |atitude, distance between
adj acent half-nmesh grid points is one-half the distance between adjacent
whol e-nesh points. (For exanple, at 600N (or ©S), the whole-nesh grid
length is 381 km so that the half-mesh grid length is 190.5 knj. The AFGAC
reference grids are listed by nmesh size (that is, whole-nmesh, half-nesh, etc.)
in Table 3.3. Also included in the table are the nmesh factor M which is the
ratio of the grid length to the whole-nesh grid length; the array size, where
IxJ is the total nunber of grid points; (Ip,J,), which are the (I,J)
i ndi ces of the pole; and the distance d, be%ween grid points given in both
kilometers and nautical mles. The basic paraneters for the Finer-mesh Polar
St ereographi ¢ Reference Grids, as well as the Wol e-nesh Pol ar Stereographic
Reference Gids, are summarized in Table 3.4.

Table 3.3. The Polar Stereographic Reference Gids.

MESH S| ZE VESH ARRAY S| ZE GRID PONT DI STANCE d, BETWEEN GRI D

FACTOR IxJ = TOTAL LOCATION oF POINTS AT 600N (OR ©8)

(M) NUVBER THE PCLE

OF PO NTS (IP,JP) Kl LOVETERS NAUTI CAL
M LES*

Whole 1 65Xx65 = 4,225 (33,331 381. 205.72354
Hal f 1/2 129x129 = 16, 641 (65,65) 190. 5 102. 86177
Quarter 1/4 257x257 = 66, 049 (129, 129) 95. 25 51. 43088
Ei ghth 1/8 513x513 = 263,169 (257, 257) 47. 625 25. 71544
Sixty-fourth 1/64  4097x4097 = 16,785,409 (2049,2049) 5.953125 3.21443

*based on the international nautical mle for which 1 nm = 1852 m
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The (1,J) indices for the \Wol e-mesh and Fi ner-nesh
Reference Gids of the Northern Hem sphere.  The subscripts
denote whol e-nesh (1,Jy), hal f-mesh (I2,J2),

quarter-nesh (I,,Js), eighth-mesh (Ig,Jg), and
sixty-fourth-nesh (Ig4,Jes4) indices.  The whol e-nmesh

grid spacing is displayed in the upper-left corner.

~38~-



PaNaiatte 7

= & 3y

w S50 N I8 6

Figure 3.9.

Suakh
wabY§
seluY

YRR

The (I,J) indices for the Whol e-nesh and Finer-mesh
Reference Gids of the Southern Henmisphere. The subscripts
denote whol e-nmesh (Iy,Jy), hal f-nesh (I7,J37),
quarter-nesh (I4,J4), eighth-nmesh (Ig,Jg), and
sixty-fourth-mesh (Ig4,J64) indices. The whol e-nesh
grid spacing is displayed in the upper-left corner.
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Table 3.4. Paraneters for all the Polar Stereographic Reference Gids.

PARAMETER DESCRIPTION

H hem sphere indicator (see eg. 2.3)
o, = (H)(60° latitude) standard |atitude

M mesh factor (see Tabie 3.3)

de (at ¢ = (H)(60° latitude)) di stance between grid points on the

earth's surface at (H) (60° | atitude)
(see eq. 3.4)

I grid-point index in the | direction
(see Tabie 3.3)

[

grid-point index in the J direction
(see Table 3.3)

(Ip,3p) grid-point location of the pole
(see Table 3.3)

The (I,J) indexing convention and the geographical orientations of the two
reference grids also apply to their finer-nesh counterparts. The | index increases
fromleft to right across the grid and the J index increases from the top of the
grid to the bottom If (Inp,Jdnp) represents the (I,J) indices of the North
Pole, colum | = coi nci des vv|th the 100°E rrer|d|an in the top half of the
grid and with the {BBOW neridian in the bottom half of the grid; row J = an
coincides with the 1700W neridian in the left half and with the 10°E neridian
in the right half. |f (ISP,JSP) represents the (I,J) indices of the South
Pole, colum L = L, «oincides with 800Win the top half of the grid and with
100CE in the bottom half of the grid;, row J = Jg, coincides with 170°W on the
left and with 109E on the right. Indices (I,J) of one grid may be converted to
i ndices of another grid by eqgs. (3.16) and (3.17).

The orientations of the grid-point Cartesian coordinate systems (X,Y) for
the Finer-mesh Reference Gids of the Northern ana Southern Henmi spheres are
the sane as for the Wole-mesh Reference Gids (see Figs. 3.6 and 3.7).
Equations for (X,Y) coordinates in nultiples of the appropriate grid length
di are obtained from egs. (3.7) and (3.8) with H=+1and - 1 for the
Northern and Southern Hem spheres, respectively. &idded wind conponents are
oriented using the same conventions as the Wole-nesh Reference Gids.

Latitude and longitude may be deternmined from a grid point's (I,J)
coordinates from egs. (3.11) and (3.12) with the nmesh factor M specified in
Table 3.3. The (I,J) coordinates of any point on the earth's surface can be
determ ned by egs. (3.13)-(3.15).
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In summary, eqs. (3.1)-(3.15) apply to the Finer-mesh Reference Grids, as
well as the other polar stereographic grids. Eqgs. (3.16) and (3.17) provide a
means of relating indices of different grids.

3.1.3 POLAR STEREOGRAPHIC GRIDS FOR NUMERICAL WEATHER ANALYSIS AND FORECASTING

A number of grids for specific applications have been defined for various
numerical weather analysis and forecasting models used at AFGWC. These grids
are areal subsets of the reference grids and vary from small window (about
3000 km by 3000 km) to hemispheric in areal coverage. A brief overview of
each applications grid will be presented in this section. Descriptions of the
functions of the models are presented by Tarbell and Hoke (1979).

Eqs. (3.1)-(3.17) apply to these polar stereographic grids with the basic
grid parameters summarized in Table 3.5.

3.1.3.1. NORTHERN AND SOUTHERN HEMISPHERIC OCTAGONS

Both whole-mesh and half-mesh versions of Northern and Southern
Hemispheric octagonal grids are used operationally at AFGWC. These grids were
developed to meet the demands for higher-accuracy forecasts while satisfying
computer constraints.

3.1.3.1.1. WHOLE-MESH OCTAGONS

The Whole-mesh Octagon was the first grid used for numerical weather
prediction at AFGWC. Octagon grids have been defined for both the Northern
and Southern Hemispheres (Figs. 3.10 and 3.11). The grid size is 47x51 with
the corner portions of the rectangle deleted. That is, for the first row (J =
1) of the Octagon, only the grid points (15,1) through (33,1) are included; in
row two, points (14,2) through (34,2) are used. Similarly, each successive
row includes two more grid points until a full complement of 47 grid points is
attained in row 15. After row 37, in which points (1,37) through (47,37) are
included, each successive row deletes two points (one at each end). Row 38
includes (2,38) through (46,38), row 39 includes (3,39) through (45,39), and
so on. The final row of the Octagon includes points (15,51) through (33,51).

Information is actually stored for the octagon on a rectangular grid. The
information in the corners of this grid, outside the octagon, is often

. meaningless and may simply be assigned a constant value or may be extraneous

values left over from prior computations. For example, for the Northern
Hemispheric whole-mesh analysis data base that is designated at AFGWC as
literal RTGWCA, data in the corners of the grid should usually be ignored.

The earth's pole is represented by grid point (24,26) for both the
Northern and Southern Hemispheric Whole-mesh Octagons, whereas on the
Whole-mesh Reference Grid the pole location is (33,33). Whole-mesh Octagon
indices may be converted to their Whole-mesh Reference-grid values by egqs.
(3.16) and (3.17), where (I,J) are the indices on the Whole-mesh Octagon,
(I',J') the indices on the Whole-mesh Reference Grid, and M = M' = 1 being the
respective mesh factors.

Various parameters of the Whole-mesh Octagons are summarized in Table 3.5.
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3.1.3.1.2. HALF-MESH OCTAGONS

The Half-mesh Octagons (Figs.

are subsets of the Half-mesh Reference Grids.

3.10 and 3.11), which contain 93x101 points,
As wirh the Whole-mesh

Octagons, grid points in the cornmer portions of the rectangle are not used.

Half-mesh Octagon indices (1,J) may be co
Reference-grid values (1',3') using eqgs.
= (47,51), (Ip',Jp‘) =

using egqs. (3.16) and

(47,51), M = 1, and M' = 1/2.

Various parameters of the Half-mesh Octagon

3.1.3.1.3 HISTORICAL NOTE

Size,
specified.

shape,
Development of

Numerical Weather Prediction Unit (JNWPU),
Many of these attributes resulted from constraints

personal communication).

(65,65), and M = M'
indices (1,J) may be converted to their Hal
(3.17) with (I,,Jp) = (24,26),

and other attributes of the Octa
the grid system beg

= 1/2.

nverted to their Hal f-mesh
(3.16) and (3.17), where (IP,JP)
Whole-mesh Octagon

f-mesh Octagon values (1',J') also
(Ip',Jp') =

s are listed in Table 3.5.

gons were not arbitrarily
an in the mid-1950s at the Joint

Suitland, Maryland (H. A. Bedient,

imposed by computer systems in those early days of operational numerical

weather prediction.
Because this
horizontally
conveniently
Octagon. On

Table 3.5.

The pole location is with respect to each

and vertically on the page, com
plotted using a gric spacing of
a polar stereographic projection wit

Hemispheric Grids for Numerical W
particular

The line printer played an impor

device printed characters at a density of 10 characters per inch

puter—generated gridded output was
1/2 inch for the Whole-mesh

h map scale U of 1:30,000,000

tant role,

for exampile.

eather Analysis and Forecasting.

grid, not the Reference

Grids. NH indicates Northern Hemisphere (H = +1, ¢ < 600N) and SH
indicates Southern Hemisphere (1 = -1, 9, 6008) .
GRID DOMAIN ME SH ARRAY SIZE GRID POINT
FACTOR IxJ = TOTAL LOCATION OF
(M) NUMBER OF POINTS THE POLE
(Ip,Jp)
Whole-mesh Octagon NH/SH 1 47x51 = 2,397 (24,26)
Half-mesh Octagon  NH/SH 1/2 93x101 = 9,393 (47,51)
TRONEW NH/SH 1/2 128x128 = 16,384 (65,65)
AWSPE NH only 1 53x57 = 3,021 (27,29)
SIXLVL NH/SH 1 51x51 = 2,601 (26,26)
3DNEPH NH/ SH 1/8 512x512 = 262,144 (257,257)
SGDB NH/SH 1/64 4096x4096 = 16,777,216 (2049,2049)
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OCTAGONS I I I I | | | I

Figure 3.10.

15 24 35 47
29 47 85 93

The Whole-mesh and Half-mesh Octagons for the Northern
Hemisphere.
border) is also plotted. The indices (1,,Jy) and

(I5,J2) designate the coordinates for the whole-mesh

and half-mesh versions, respectively, with respect to the
Octagons and the Reference Grids. The dashed lines
indicate that data on the Octagons are actually stored in
rectangular data base. The whole-mesh grid spacing 1is
displayed in the upper-left corner.
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and true at 609N, which was a common projection then and now, 1/2 inch
corresponds to exactly 381 km on the earth at 60°N.

Because of the severe computer memory constraints of the IBM 704 computer
system used at that time, the number of grid points had to be less than 2048.
The 1977 grid points of the Whole-mesh Octagon fit this requirement. The
octagon was selected instead of a more circular polygon to simplify
development of the numerical models. The 47x51 octagon was selected instead
of an equilateral octagon in part, once again, because of the line printer;
the 47 grid points in the I direction (left to right) fit on two computer
pages side by side. (At that time, only 120 characters could be printed per
line on a page.) Although up to 48 grid points would fit on two pages, this
larger size was not used because of the desire to have the North Pole located
at a grid point, thereby necessitating a grid with odd dimensions. The
maximum odd number of grid points that can be included in the J direction (top
to bottom) without exceeding the 2048 limit for total points is 51.

The standard longitude A, was selected as 109E to maximize the number of
important data points near the boundaries that could be included within the
domain of the Northern Hemispheric Whole-mesh Octagon. For example, a
rotation of the Octagon by less than 15° longitude to the west places Dakar
outside the domain, while a rotation of about 25° longitude to the west
eliminates Manila.

The Southern Hemispheric Whole-mesh Octagon was then set up to be
analogous to its Northern Hemispheric counterpart, and the Half-mesh Octagons
were devised to meet the demands for higher resolution.

3.1.3.2. AWSPE AND SIXLVL HEMISPHERIC GRIDS

The grid for storing information pertinent to the Air Weather Service
Primitive Equation Model (AWSPE) is a 53x57 subset of the Whole-mesh Reference
Grid. This subset grid is currently defined and used operationally for the
Northern Hemisphere only (Fig. 3.12). Although the (I,J) indexing convention
of the grid for storing AWSPE output is as shown in Fig. 3.12, in the actual
indexing convention internal to the AWSPE computer program the lower-left
corner is grid point (1,1).

The grid for the Six-level Baroclinic Prediction Model (SIXLVL) is a 51x51
subset of the Whole-mesh Reference Grid. SIXLVL grids for both the Northern
and Southern Hemisphere (Figs. 3.13 and 3.14) are used operationally.

All conventions and equations described in the section on reference grids
apply for the AWSPE and SIXLVL grids. Indices of grid points for these grids
may be converted to their Whole-mesh Reference~grid values using information
from Tables 3.3 and 3.5 and eqs. (3.16) and (3.17).

3.1.3.3. 3DNEPH GRIDS

The grids for the Three-dimensional Nephanalysis Model (3DNEPH) are
512x512 subsets of the 513x513 Eighth-mesh Reference Grids. The bottom row
(J = 513) and the right-most column (I = 513) are not included in the
hemispheric subset grids used by the 3DNEPH (Figs. 3.15 and 3.16).
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The indices (I,J,) designate the coordinates for both
the Whole-mesh Reference Grid and the AWSPE grid. The
whole-mesh grid spacing 1is displayed in the upper-left
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The grid system of the Three-dimensional Nephanalysis
(3DNEPH) for the Northern Hemisphere. The (I,J) indexing
convention is the same as that of the Eighth-mesh Reference
Grid. The indices (I,Jy) and (Ig,Jg) denote the
whole-mesh and eighth-mesh coordinates, respectively, for
the Reference Grids and the 3DNEPH. The 64 3DNEPH boxes
are indicated; the four corner boxes are not used. The
(14,Jn) coordinate axes in the lower-right corner show

the 3DNEPH Box IJ convention for a sample 3DNEPH box. Each
3DNEPH box contains the grid points on the upper and left
boundaries of the box, but not the lower and right
boundaries. The labels (64.875) and (512) on the axes
respectively indicate the whole-mesh and eighth-mesh values
of the last row of the 3DNEPH grid system, which has one
less row than the Eighth-mesh Reference Grid. The

whole-mesh grid spacing is displayed in the upper-left

corner.
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Information stored on 3DNEPH grids is assumed to be representative of
conditions surrounding each grid point. This is in contrast to the convention
for the Satellite Global Data Base (see Section 3.1.3.5).

As noted by Fye (1978), the array size (262,144 points) of the 3DNEPH
hemispheric grid "requires partitioning to facilitate automated processing."
For each hemisphere, the 512x512 array is therefore divided into 64 areas
called 3DNEPH boxes (Figs. 3.15 and 3.16), denoted here by B,. The four
corner boxes, which lie off the hemisphere, are not used. The box number By
can be calculated from indices (Ig,Jg) of the Eighth-mesh Reference Grid
according to

B = 1+ INT(I
n

-1, 64) + 8 [INT(J.-1, 6k4)] (3.18)

8 8
for 1 < Ig < 512 and 1 £ Jg < 512. INT designates a function that

provides the integer portion of the division of the first argument by the
second. Also, we let MOD designate a mathematical function in which the
functional value is the remainder of the division of the first argument by the
second argument. For example, MOD(7,2) = 1 and INT(7,2) = 3; MOD(57,8) =1
and INT(57,8) = 7. Note that 1 = B, = 64.

Within each box an indexing convention (I,,Jp), called the 3DNEPH Box
IJ convention, is used to designate the 64x64 array of grid points (see Fig.
3.17). Box 1J indices (I,,J,) are related to their corresponding
Eighth-mesh Reference-grid indices (Ig,Jg) by

Ig=1I_+ 6h[MOD(En—1, £)] , (3.19)

Ii

Jg = J + 6L[INT(E -1, 8)i (3.20)

where B, is the 3DNEPH box number, 1 < I < 64, and 1 < Jp < 64,
Eighth-mesh Reference Grid indices may be transformed to 3DNEPH Box IJ indices

for box Bp by

b
I}

1+ MOD(18-1, N R (3.21)

J

1+ MOD(JS—l, Ny . (3.22)

3.1.3.4. TRONEW HEMISPHERIC GRIDS

The grids for the Tropical Cloud Forecast Model (TRONEW) are the same as
the 129x129 Half-mesh Reference Grids (Figs. 3.18 and 3.19). Although the
TRONEW grids are 129x129, useful information is only stored on the 128x128
subsets. The bottom row (J = 129) and the right-most column (I = 129) of the
Half-mesh Reference Grids are not included in the Northern and Southern
Hemispheric grids used by TRONEW. All conventions and equations described in
the sections on the generalized equations (Section 3.1.1) and the finer-mesh
polar stereographic reference grids (Section 3.1.2.3) apply for the TRONEW
grids. Various parameters of these grids are listed in Table 3.5.
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Figure 3.18.

The Northern Hemispheric grid of the Tropical Cloud
Forecast Model (TRONEW). The grid is half mesh. The (I,J)
indexing convention, designated (I,J2), is the same as
that of the Half-mesh Reference Grid (solid outer border).
The dashed lines, labeled (128) on the axes, indicate that
meaningful data are stored on a 128x128 domain, although
the size of the data base is 129x129. The whole~mesh grid
spacing is displayed in the upper-left corner.
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The Southern hHemispheric grid of the Tropical Cloud
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3.1.3.5 SATELLITE GLOBAL DATA BASE GRIDS

The Satellite Global Data Base (SGDB) uses a 4096x4096 subset of the
Sixty-fourth-mesh Reference Grid. The bottom row (J = 4097) and the
right-most column (I = 4097) of this reference grid are not included in the
two hemispheric subsets of the SGDB (Figs. 3.20 and 3.21).

Like the 3DNEPH grids, the SGDB hemispheric grids are partitioned into
boxes to facilitate computer processing of satellite data. For each
hemisphere, there are 4096 SGDB boxes (Figs. 3.20 and 3.21), each consisting
of a 64x64 array of points, for a total of 16,777,216 grid points per
hemisphere. Each SGDB box contains one Whole-mesh Reference Grid Point
(Iy,Jyw), which coincides with the sixty-fourth-mesh point in the
upper-left corner of the SGDB box (Fig. 3.22). Imagery is not stored in those
boxes that lie off the hemisphere. SGDB boxes are numbered according to

l:Iw_'-_E)A N
B = (I -1) +64(J -1) , 3.23
s w Y 1 < J < 64 ) ( )
I S
where (I,,J,) are the indices of the Whole-mesh Reference Grid Point at
the SGDB point in the upper-left corner of the box and Bg is the SGDB box
number. The box number can be alternately calculated from the

Sixty-fourth-mesh Reference Grid Indices (Ig4,Jg4) according to

B, = INT(Ig,-1, 6k) + 6b [INT(J -1, 6b)] (3.24)

for 1 < Iggq < 4096 and 1 < Jg4 < 4096. Note that 0 < Bg < 4095,
Within each box an indexing convention, called the SGDB Box IJ convention,

is used. SGDB Box IJ indices (IS,JS) are related to their
Sixty-fourth-mesh Reference Grid indices (Ig4,Jg4) by

Igy = I, + 6u[MoD(B_, 64)] (3.25)

IS

- 7 Frnm "
Jep =9+ 6MLIRT\BS, 6L ) ] \ (3.26)

where 1 < Ig <64, 1 < Jg < 64, and MOD and INT are defined in Section

3.1.3.3. Sixty-fourth-mesh Reference Grid indices may be transformed to SGDB
Box IJ indices for box By by

I, =1+ MOD(I6u—1, 6k) R (3.27)

JS =1 + MOD(Jéb—l, 6L ) . (3.28)
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The grid system for the Satellite Global Data Base (SGDB)
for the Northern Hemisphere. The (I,J) indexing convention
is the same as that of the Sixty~-fourth-mesh Reference
Grid. The indices (I,Jy) and (Ig4,Je4) denote the
coordinates of the Whole-mesh Reference Grid and the
Sixty-fourth-mesh Reference Grid, respectively, whereas the
indices (I,',Jy') and (Ig4',Jes') denote the

numbering convention used in the satellite data processing
software (SYNAPS). Examples of the 4096 SGDB boxes, which
are one whole-mesh grid length on 2 side, are given in the
upper-left corner of the domain. Imagery is not stored in
those boxes that lie off the hemisphere. Each SGDB box
contains the rows of grid points on the upper and left
boundaries of the box, but not the lower and right
boundaries. The index values in parentheses on the axes
indicate the values of the last row of the SGDB grid
system, which has one less row than the Sixty-fourth-mesh
Reference Grid. Over the U.S., box number 2977 (Bg =

2977) is given as an example and is described in more
detail in Fig. 3.22.
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Figure 3.21. The grid system for the Satellite Global Data Base (SGDB)
for the Southern Hemisphere. The (I,J) indexing convention
is the same as that of the Sixty-fourth-mesh Reference
Grid. The indices (I,Jy) and (Ig4,Je4) denote the
coordinates of the Whole-mesh Reference Grid and the
Sixty-fourth-mesh Reference Grid, respectively, whereas the
indices (1,',Jy') and (Ig4',Jes') denote the
numbering convention used in the satellite data processing
software (SYNAPS). Examples of the 4096 SGDB boxes, which
are one whole-mesh grid length on a side, are given in the
upper-left corner of the domain. Imagery is not stored in
those boxes that lie off the hemisphere. Each SGDB box
contains the rows of grid points on the upper and left
boundaries of the box, but not the lower and right
boundaries. The index values in parentheses on the axes
indicate the values of the last row of the SGDB grid
system, which has one less row than the Sixty-fourth-mesh
Reference Grid.
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Figure 3.22. The relationship of SGDB Box IJ indices (I4,Jg) to

Whole-mesh Reference Grid indices (I,,Jw) and
Sixty-fourth-mesh Reference Grid indices (Ig4,Je4) for

an example SGDB box (box number Bg = 2977). The indices
(1g',Jg"), (Iy',Jw'), and (Igs',J6s') denote

the numbering convention used in the satellite data
processing software (SYNAPS). Grid points on the lower and
right boundaries (solid lines) of the box are located in
adjacent boxes. The dashed lines indicate the actual lower
and right boundary rows of the box, with (1,J) indices
given in parentheses on the axes.
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Satellite data processing software (SYNAPS) designates the origin of the
Sixty-fourth-mesh Reference Grid as the point (0,0), as opposed to (1,1), the
convention in this Technical Note. That is, with SYNAPS for the top row J = 0
and for the leftmost column I = O. Consequently,

I = -1, (3.29)
Je =3, "1 (3.30)
Tey = Tey = 1o (3.31)
Jey T Jdgy — 1 (3.32)
1; =I_ -1 (3.33)
S T (3.34)

where (I,',J,'), (Ig4',Jd6s4'), and (Ig',Js") are whole-mesh
indices, sixty-fourth-mesh indices, and SGDB Box IJ indices, respectively, as
used in SYNAPS.

Information stored on SGDB grids is not representative of conditions
surrounding each grid point, as is the case for other AFGWC grids, such as the
3DNEPH grids. Instead, SGDB information stored at a Sixty-fourth-mesh
Reference Grid Point (Ig4,Jp4) represents the conditions in the area
bounded by that grid point and (Ig4+1,J64), (Ig4,Je4+1l), and (Ieg+l,Jes+l).

3.1.3.6. STATIONARY WINDOW GRIDS.

Smaller—area subsets, or window grids, are also used in AFGWC models.
These window grids include stationmary windows for the North American,
European, and Asian continents and movable windows of nearly constant
areal extent. Each window is defined relative to a specific reference grid
and obeys all conventions described for that reference grid. Table 3.6
details important parameters of each stationary window grid. Locations of the
corner points with respect to the coordinates of the Whole-mesh Octagon were
derived using eqs. (3.16) and (3.17) with (I,J) being the coordinates of the
points with respect to each particular window grid, (1',J') the coordinates on
the Whole-mesh Octagon, M = 1/2 for half-mesh grids, M' = 1 for the Whole-mesh
Octagon, (Ip',Jp') = (47,51) from Table 3.5, and (Ip,Jp) from Table
3.6 for the respective stationary window grids.

3.1.3.6.1 STATIONARY WINDOW GRIDS FOR THE HALF-MESH ANALYSIS MODELS.

The three windows used for the Half-mesh Analysis Models are shown in Fig.
3.23 (solid lines) and summarized in Table 3.6. These grids are defined
relative to the Half-mesh Reference Grid and include a 37x39 half-mesh window
for North America and 35x41 half-mesh windows for the European and Asian
areas. The (I,J) coordinate axes are as defined for the Half-mesh Reference
Grid.
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Table 3.6. Stationary Window Grids. The grid-point location of the pole 1is
with respect to each particular stationary window grid, not the Reference
Grids. (The pole is only within the domain of the European and Asian
Half-mesh Analysis Model grids.) The mesh factor M for all these grids is
1/2. The (I,J) coordinates (on the whole-mesh octagon) of the corners of the
window grids can be determined using other information in this table and egs.
(3.16) and (3.17).

DOMAIN ARRAY SIZE GRID POINT (I,J) COORDINATES (OF THE
IxJ = TOTAL LOCATION OF WHOLE~MESH OCTAGON) FOR THE
NUMBER OF THE POLE CORNERS OF THE WINDOW GRIDS
POINTS (Ip,Jp)

Corner Points
Upper Upper Lower Lower
Left Right Left Right

Stationary Window Grids for Half-mesh Analysis Models

N. America 37x39 = 1443 (27,-3) (11,28) (29,28) (11,47) (29,47)
Europe 35x41 = 1435 ( 1,29) (24,12) (41,12) (24,32) (41,32)
Asia 35x41 = 1435 (25,41) (12, 6) (29, 6) (12,26) (29,26)

Boundary—-layer Model Grids

U.S. 29x27 = 783 (23,-13) (13,33) (27,33) (13,46) (27,46)
Europe 29x35 = 1015 (-3,27) (26,13) (40,13) (26,30) (40,30
Asia 29x35 = 1015 (23,39) (13, 7) (27, 7) (13,24) (27,24

3.1.3.6.2 BOUNDARY-LAYER MODEL GRIDS.

The three windows used by the AFGWC Boundary-layer Model are also shown in
Fig. 3.23 (inner dashed lines) and summarized in Table 3.6. A 29x27 half-mesh

window for the U.S. and 29x35 half-mesh windows for Europe and Asia are
defined.

3.1.3.7. MOVABLE WINDOW GRIDS

One set of movable window grids is used at AFGWC by the High-resolution
Cloud Prognosis Model (HRCP). These grids are movable in the sense that some
flexibility exists in specifying their location. Each window grid is one of
the 3DNEPH boxes, discussed in Section 3.1.3.3, and contains an array of 64x64

eighth-mesh grid points. Fig. 3.17 provides an example of one such box (box
number 44).

The particular 3DNEPH boxes are selected according to areas of interest
and may be changed each time HRCP is used. Up to 12 boxes may be specified,
although typically about 8 are selected. Forecasts for the boxes are made
independently of each other by HRCP.
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Figure 3.23.

Half-mesh Analysis Model grids (solid lines) and
Boundary-layer Model grids (inner dashed lines). The
domain of the Northern Hemispheric Reference Grids (solid
outer border) and the Northern Hemispheric Octagon grids
(outer dashed lines) are indicated. The indices

(Iy,Jy) and (I2,J72) designate the coordinates for

the whole-mesh and half-mesh versions, respectively, with
respect to the Octagons and the Reference Grids. The
whole-mesh grid spacing is displayed in the upper-left
corner.
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3.2 MERCATOR GRIDS

Mercator grids are used at AFGWC for meteorological applications in
tropical regions. There are two such grids. One we designate as the
Conventional Tropical Grid (Fig 3.24), which is the grid used for the
conventional meteorological elements, such as height, wind, and temperature.
The second grid is the SGDB Tropical Grid (Fig. 3.25), which is used for
processing satellite imagery. Both grids are on a Mercator projection true at
22.59N and 22.5°S. The Conventional Tropical Grid is 73x19 with a grid
length of 5© longitude, whereas the SGDB Whole-mesh Tropical Grid is 97x28
with a grid length of about 3.71© longitude. The Greenwich Meridian is
represented by columns 1 and 73 in the former, but only by column 1 in the
latter. If the SGDB Whole-mesh Tropical Grid had a 98th column, this column
would be coincident with the Greenwich Meridian.

The longitudinal (east-west) spacing AX between grid points is given by

3600/1N , in degrees,

AX =
en/I,  , in radians, (3.35)

where Iy is the number of nonduplicated points in the east-west direction.
For the Conventional Tropical Grid IN = 72, so that Ax = 59 = 0.087266
radians longitude. Because Iy = 97 for the SGDB Tropical Grid, AX is about
3.71139 or 0.064775 radians longitude.

The distance dj between grid points on the image plane for a Mercator
projection 1is glven by

di = a (cos ¢>1 ) Ax s (3.36)

where a is the earth's radius, ¢, is a standard latitude (22.5°N at AFGWC),
and A\ 1s the longitudinal spacing in radians calculated from eq. (3.35). As
mentioned above for the Conventional Tropical Grid, the spacing is 59 =
0.087266 radians longitude, so that according to eq.(3.36), for ¢; = 22.5°N,
we obtain dj = 513.67... km. For the SGDB Whole-mesh Tropical Grid, A\ is
about 3.71130 = 0.064775 radians, so that d; = 381.28... km.

The distance d, between grid points on the earth's surface can be
derived from d; by applylng the definition of image scale 0 (Section 2.2) to
eq. (3.36):

o

d = ?1 =a (cos¢ ) &x (3.37)

where ¢ is specified by eq. (2.9) using standard latitude ¢, of 22.5°N, ¢ is
latitude, and AX is the longitudinal spacing in radians (see precedlng
paragraph). The variation of distance de. between grid points is shown as a
function of latitude in Fig. 3.26. Because the grid length d, for the
whole-mesh polar stereographic grids and for the SGDB Whole-mesh Tropical Grid
are approximately equal, the latter is designated the whole-mesh grid length
for Mercator projections.
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Figure 3.24. The Conventional Tropical Grid. Included are the axes for
the (I,J) indexing convention, the image-plane Cartesian
coordinates (x,y), and the grid-point Cartesian coordinates
(X,Y). Longitude is designated by ) and reference
longitude by A . (At AFGWC, A, = 0.) Only one of
several possible labeling conventions for the x and X axes
is included (see eqs.(2.10)and (3.39)). The distances for
the (x,y) coordinates are, by definition, with respect to

the image plane.
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Figure 3.25.

Included are the axes for the

The SGDB Tropical Grid.
(1,J) indexing convention, the image-plane Cartesian

coordinates (x,y), and the grid-point Cartesian coordinates
(X,Y). Longitude is designated by } and reference
longitude by A . (At AFGWC, %, = 0°.) Only one of

several possible labeling conventions for the x and X axes
is included (see eqs. (2.10)and (3.39)). The distances for
the (x,y) coordinates are, by definition, with respect to
the image plane. The indices (I,J,) denote the
coordinates of the SGDB Tropical Whole-mesh Grid. The
indices (Iy',Jy') denote the numbering convention used

in the satellite data processing software (SYNAPS). Over
the U.S., box number Bg = 270 is given as an example.

Each SGDB box contains the rows of grid points on the upper
and left boundaries of the box, but not the lower and right
boundaries. The values in parentheses on the axes indicate
the values of the actual last row of the SGDB Whole-mesh
Tropical Grid.

-64~-



600

GRID LENGTH
KILOMETERS
NAUTICAL MILES

0 1 1 1 [V | A 1 1
0 10 20 30 40
LATITUDE ¢ N or %)
Figure 3.26. The grid length dg on the earth's surface as a function

of latitude for 1) the Conventional Tropical Grid (upper
solid curve) with standard latitudes of 22.5°N and
22.59S, 2) the SGDB Whole-mesh Tropical Grid (lower solid
curve) with standard latitudes of 22.50N and 22.50S,

and 3) a whole-mesh grid on a polar stereographic
projection (short-dashed curve) (see Fig 3.5). The
long-dashed vertical line indicates the standard latitude
of 22.59N or ©S.
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Because the grid length d, is a function of latitude, the distance dg'
between grid points on the earth's surface in the north-south direction is not
quite equal to d,. Instead, we have that

d' =a ap (3.38)
[

where A¢ 1is the latitudinal spacing (in radians) between adjacent grid
points. As stated above, the distance de between adjacent grid points along
a given latitude corresponds to 59 longitude for the Conventional Tropical
Grid. By equating de and de' in eqs. (3.37) and (3.38), we can show that
distance dg' between adjacent grid points along a meridian corresponds to
about 50 latitude at the Equator and about 3.80 latitude near the northern
and southern boundaries. Similarly, for the SGDB Whole-mesh Tropical Grid,
for which d, corresponds to about 3,7° longitude, de' corresponds to

about 3.7° latitude at the Equator and about 2.6° latitude near the

northern and southern boundaries.

The (I,J) indexing conventions for the two grids are shown in Figs.3.24
and 3.25. The convention for the Conventional Tropical Grid is right-handed;
that is, I increases from right to left (east to west) and J increases from
top to bottom (north to south). The convention for the SGDB Whole-mesh
Tropical Grid, however, is left-handed: I increases from west to east and J
increases from north to south.

Grid-point Cartesian coordinate systems (X,Y) are defined for both
tropical Mercator grids. The system is right-handed for both (Figs.3.24 and
3.25). The origin for both systems is located at the intersection of the
Equator and the Greenwich Meridian. Equations for (X,Y) in multiples of
distance d; between grid points on the image plane are

(3.39)

e
It

G(I-1+ KIN) , 1 <1 i-IM s

Y=-@ -3 s 12 <y - (3.40)
In these equations K is any integer, although usually 0 or -1. Jg 1is the J
coordinate of the Equator. Iy is the total number of points in the

east-west direction. Iy is the number of nonduplicated points in the
east-west direction, with point I = 1 being coincident with point IN+1.

JM 1s the number of points in the north-south direction. Finally, G
designates the grid, with G = -1 for the Conventional Tropical Grid and G = +1
for the SGDB Whole-mesh Tropical Grid. Table 3.7 contains a summary of the
values of these parameters for the two Mercator grids.
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Table 3.7. Parameters for the Mercator Grids.

PARAMETER SYMBOL CONVENTIONAL SGDB WHOLE-MESH
TROPICAL GRID TROPICAL GRID
Standard ¢, 50 22.,50N, 22.598 22.59N, 22.598
latitudes 1772
Reference A 0CE 00E
longitude °
Longitudinal AX 50 longitude 3.7113° longitude
grid spacing
Distance between dj 513.67 km 381.28 km
grid points on
the image plane
(1,J) axes right-handed left-handed
(X,Y) axes right-handed right-handed
Total number of IyM 73 97
points in the
east-west
direction
Number of In 72 97
nonduplicated
points in the
east-west
direction
Number of JIyM 19 28
points in the
north-south
direction
Range of I index 1 <1 <1Iy 1 €1 1M
1 <1 <Iyvl 1 <1 <Iy
Range of J index 1 <J <Jy 1 <J <£JdM
J coordinate of Jg 10 15
the Equator
Grid designator G -1 +1
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Image-plane Cartesian coordinates (x,y) can be calculated from (X,Y)
coordinates by multiplying each (X,Y) value by dj (the image~plane distance
between grid points):

x = di X s (3.41)

i
Qs
=

y N . (3.42)

Using eqs. (2.10), (2.11), (3.36), and (3.39)-(3.42), we can derive the
latitude ¢ and longitude X of any grid point from its (I,J) coordinates:

¢ = 2 arctan {exp [—lLB(AA)(JE—J) - 90° R (3.43)
1180
G(I-1)(ax) + Ag s
A= (3.44)
G(I-IN—l)(AA) + A s
O

where the various parameters are provided in Table 3.7. 1In eq. (3.43) note
that AX and the functional value of the arctangent should be in degrees.

The (I,J) coordinates of any point within the latitudinal bounds of the
tropical grids may be calculated from latitude and longitude (egqs. (3.43) and
(3.44)) according to

r (X=X
1 + ° , SGDB Whole-mesh Tropical Grid ,
AX
I= (3.45)
A=A
T +1 - |2 , Conventional Tropicael Grid
[ N A
Jdo= a0 - 180 vnltan 3(9+90°) ] . (3.46)
I m(aL) .

In eq. (3.45) ) must have a range of Ay < A < X,+360° for the SGDB
Whole-mesh Tropical Grid and Ay < X < A, +360° for the Conventional Tropical
Grid.
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3.2.1 Conventional Tropical Grid

The Conventional Tropical Grid is formed by superimposing a 73x19 array of
"points on a Mercator projection such that row 10 (J = 10) coincides with the
Equator and columns 1 (I = 1) and 73 (I = 73) both coincide with the Greenwich
Meridian. As shown in Fig. 3.24, the grid extends completely around the world
longitudinally and includes that portion of the globe between approximately
410N and 419S. This grid is one of the few at AFGWC to use a right-handed
(1,J) indexing convention. Equations governing this grid are presented in the
preceding section, with the relevant grid parameters specified in Table 3.7.

The grid-point Cartesian coordinate system (X,Y) provides the frame of
reference for orientation of wind components: the u component is positive in
the direction of decreasing X and the v component is positive in the direction

of decreasing Y (Fig. 3.24).

3.2.2. SGDB Tropical Grid System

The SGDB Whole-mesh Tropical Grid is formed by superimposing a 97x28 array
of points on a Mercator projection such that row 15 (J = 15) coincides with
the Equator and column 1 coincides with the Greenwich Meridian. If a 98th
column were included, it would also coincide with the Greenwich Meridian. As
shown in Fig. 3.25 the grid extends completely around the world longitudinally
and from about 460N to 460S latitudinally. Equations governing this grid
are presented in Section 3.2, with the relevant grid parameters specified in
Table 3.7.

As was similarly true for SGDB grids on polar stereographic projections,
the SGDB Whole-mesh Tropical Grid is partitioned into boxes to facilitate
processing of satellite data. Each SGDB box contains one grid point
(1,,Jy) of the SGDB Whole-mesh Tropical Grid and consists of a 64x64 array
of sixty-fourth-mesh points. There are 97x28 = 2716 boxes containing a total
of 11,124,736 grid points. Each point (I,Jy) coincides with the
sixty-fourth-mesh point in the upper-left corner of the SGDB box. SGDB boxes
are numbered according to

BS = (Iw—l) + 97(Jw—1) R (3.47)

where (I,,Jy) are the indices for the SGDB Whole-mesh Tropical Grid of the
point at the upper-left corner of the box and Bg is the SGDB box number.

Note that 0 < Bg < 2715.
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Satellite data processing software (SYNAPS) designates the origin of the

SGDB Whole-mesh Tropical Grid as the point (0,0), as opposed to (1,1), the
convention of this Technical Note.

Consequently,
I'=I -1 s (3.48)
w W
''=J -1 Y (3.49)
w w

where (I,', Jy') are the whole-mesh indices as used in SYNAPS.
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3.3 LATITUDE-LONGITUDE GRID

The Global Applications Data Base (GADB) grid is the only
latitude-longitude grid currently in use at AFGWC. It comsists of a 73x52
array of points extending around the world in a band between 87.5°N and
87.59S. This grid is formed by allowing each point to represent a specific
latitude and longitude (Fig. 3.27). For example, grid point (1,1), in the
upper-left corner of the grid, represents 2.50E/87.50N. Grid spacing is
50 longitude in the east-west direction; this longitudinal spacing is the
same as the Conventional Tropical Grid. In the north-south direction, spacing
is 2.5° latitude in the region 17.50N to 57.5°N and 17.59S to
57.598, and 59 latitude elsewhere.

For this grid the (I,J) indexing convention is left-handed; that is, the I
index increases from left to right (west to east) as J increases from top to
bottom (north to south). Columns I = 1 and I = 73 represent the same
longitude, 2.59E, with the Greenwich Meridian being centered between columns
I =72 and I = 73. The Equator lies midway between rows J = 26 and J = 27.
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SECTION 4. APPENDIX A-~THE REGIONS OF THE AFGWC REGIONS DATA BASE

World-wide observations from land surface stations and radiosondes, for
example, are often located geographically by the WMO according to WMO
Regions. Figs. A.l and A.2 indicate the WMO Regions for the Northern and
Southern Hemispheres, respectively. Because these regions are occasionally
modified, an up-to-date, authoritative reference should be consulted when
knowledge of exact regions is important.

At AFGWC, these observations are not stored at grid points but rather are
stored individually by geographic regions in the so-called Regions Data Base.
Fig. A.3 shows the domains of the 65 Northern Hemispheric regions and Fig. A.4
the domains for the 11 Southern Hemispheric regions.
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Figure A.l. World Meteorological Organization Regions for locating
meteorological observations in the Northerm Hemisphere.
The domain of the Northern Hemispheric Reference grids is
indicated by the solid outer border.
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Figure A.2. World Meteorological Organization Regions for locating

meteorological observations in the Southern Hemisphere.
The domain of the Southern Hemispheric Reference grids is
indicated by the solid outer border.
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Figure A.3.

AFGWC Northern Hemispheric Regions for storing observations
in the Regions Data Base. There are 65 Northern
Hemispheric Regions, numbered from 1 to 65. The domain of
the Northern Hemispheric Reference Grids is indicated by
the solid outer border.
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Figure A.4. AFGWC Southern Hemispheric Regions for storing observations
in the Regions Data Base. There are 1l Southern
Hemispheric Regions, numbered from 66 to 76. The domain of

the Southern Hemispheric Reference Grids is indicated by
the solid outer border.
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SECTION 5. APPENDIX B--GLOSSARY

This is an alphabetical listing of definitions and acronyms used in this
Technical Note. A List of Symbols is presented elsewhere. Location of

additional information or
AFGWC -
AGL -

Analysis -

Asian boundary- -
layer window

Asian window -

AWSPE -

Bedient -

Boundary-layer Model -

Class -

Coincidence class -

Conformal variety -

Conical variety -

Constant of the -
cone (n)

primary usage is indicated, when appropriate.
Air Force Global Weather Central.
Above ground level.

Process in which data are interpolated from the
observational points to the grid points (Section 3).

Areal subset of the Asian window; used by the Asian
Boundary-layer Model (Section 3.1.3.6.2).

Stationary window covering eastern Asia; used by the
Asian Half-mesh Analysis Models (Sectiom 3.1.3.6.1).

Air Weather Service Primitive Equation Model;
primary whole-mesh forecast model for the Northern
Hemisphere; provides forecasts from the earth's
surface to 100 mb (Section 3.1.3.2).

Same as whole-mesh grid' length (Section 3.1.1).

Model that provides half-mesh forecasts for eight
levels from the earth's surface to 1600 m AGL; used
with the Asian, European, and U.S5. boundary-layer
windows (Section 3.1.3.6.2).

One of five different categories by which
projections can be grouped. The classes are not
mutually exclusive (Section 2.3).

Indicates the type of contact between the earth and
the geometric figure associated with a projection
(Section 2.3).

A variety of the property class in which the angles
between intersecting curves and, therefore, the
shapes of small features on the earth's surface are
maintained. A differentially small distance on the
projection will correspond to a distance on the
earth's surface independent of direction from a
point (Section 2.3).

A variety of the nature class in which a cone is the
geometric figure associated with the projection

(Section 2.3).

A scaling factor used in Lambert conformal
projections (see Section 2.6.2, eq. (2.13)).
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Conventional Tropical

Grid

Conventional variety

Cylindrical variety

Developing

Domain

Eighth-mesh grid

Equidistant variety

Equivalent variety

European boundary-
layer window

European window

Finer-mesh grid

GADB

Generation class

Geometric variety

Geometric figure

A tropical grid on a Mercator projection used for
the conventional meteorological elements, such as
height, wind, and temperature (Section 3.2).

A variety of the generation class in which the
projection is derived from the earth's surface
mathematically, without using rays (Section 2.3).

A variety of the nature class in which a cylinder is
the geometric figure associated with the projection
(Section 2.3).

The process of cutting and unfolding a
three-dimensional surface to produce a planar
surface (Section 2.2).

The horizontal area represented by, for example, a
map or grid.

Grid on which the grid length is one-eighth the
whole~mesh value.

A variety of the property class in which distances
between points on the earth are correctly
represented on the projection (Section 2.3).

A variety of the property class in which areas of
features on the earth are correctly represented on
the projection (Section 2.3).

Areal subset of the European window; used by the
European Boundary-layer Model (Section 3.1.3.6.2).

Stationary window covering Europe and western Asia;
used by the North American Half-mesh Analysis Models
(Section 3.1.3.6.1).

Grid with a grid length shorter than the whole-mesh
grid length (Section 3).

Global Applications Data Base; data base containing
global analyses and forecasts of various
meteorological elements used primarily in computer
flight planning (Section 3.3).

Indicates the method used to construct the image
surface in generating a projection (Section 2.3).

A variety of the generation class in which the
surface of the earth is simply projected using rays
onto a geometric figure in generating a projection
(Section 2.3).

Two- or three-dimensional surface associated with a
projection of the earth's surface (Section 2.2).
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Great circle

Grid

Grid increment
Grid interval
Grid length

Grid-point Cartesian
coordinates (X,Y)

Grid unit

Half-mesh grid

Half-mesh Analysis
Model

HRCP

HUFANL

IJ indexing convention

Image plane

Image-plane Cartesian
coordinates (x,y)

Image-plane polar
coordinates (r,0)

Image scale (o)

Image surface

A line of shortest length between two points along
the earth's surface (Section 2.6.1).

Array of points used to represent locations on the
surface of the earth (Section 3).

Same as grid length.
Same as grid length.
Distance between adjacent points on a grid.

A Cartesian coordinate system for a grid in which
locations are specified by multiples of the grid
length for that particular grid on the image plane.

Same as grid length.

Grid on which the grid length is one-half the
whole-mesh value.

Numerical weather analysis model which uses a
half-mesh grid.

High-resolution Cloud Prognosis Model; cloud
forecast model with fifteen levels in the vertical
and eighth-mesh horizontal resolution (Section
3.1.3.7)0

Hough Global Spectral Analysis Model; provides
whole-mesh global analyses for the mandatory
pressure levels from the earth's surface to 100 mb.

System for uniquely identifying individual grid
points.

The two-dimensional surface to which the surface of
the earth is transformed by projection, by pure
mathematical equations, or by a combination of both;
a planar image surface or an image surface that has
been developed into a plane (Section 2.2).

A Cartesian coordinate system that is on the image
plane and is independent of grid length.

A polar coordinate system on the image plane.

Ratio, at a point, of differential distance on an
image surface or image plane to differential
distance on the surface of the earth (Section 2.2).

The surface (not necessarily two-dimensional) to
which the surface of the earth is transformed by
projection, by pure mathematical equations, or by a
combination of both (Section 2.2).
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INT

Lambert conformal
projection

Longitudinal grid
spacing

Loxodrome

Map

Map factor (m)

Map scale (u)

Mercator projection

Meridian
Mesh factor (M)

Mesh size

MOD

Movable window
grid

Nature class

Mathematical function whose functional value is the
integer portion of the division of the first
argument by the second argument; for example,
INT(10,3) = 3 (Section 3.1.3.3).

One type of conformal projection using a cone as the
image surface; common in limited-area midlatitudinal
applications (Section 2.6).

Spacing of grid points in the east-west direction.

Line or path that maintains fixed compass direction;
shown on a map as a line crossing all meridians at
the same angle; also called rhumb line (Section
2.5.1).

Two-dimensional horizontal representation of the
surface of the earth with size convenient for
display, analysis, and interpretation of information
(Section 2.2).

Ratio, at a point, of differential distance on a map
to differential distance on the earth; the product
of image scale 0 and map scale M (Section 2.2).

Ratio of distance on a map to distance on the image
surface or image plane; describes mathematically the
uniform reduction from image surface or image plane
to map surface (Section 2.2).

One type of conformal projection using the cylinder
as the image surface; common in tropical
applications (Section 2.5).

Line of constant longitude, extending from the North
Pole to the South Pole.

Ratio of the grid length to the whole-mesh grid
length on the image plane (Section 3.1.1).

Indicator of the relative grid length for a
particular grid (for example, whole mesh, half mesh,
eighth mesh) (Section 3.1.2.4).

Mathematical function in which the functional value
is the remainder of the division of the first
argument by the second argument; for example,
MOD(10,3) = 1 (Section 3.1.3.3).

Grid with a limited-area domain whose location
can be varied (Section 3.1.3.7).

Indicates the geometric figure associated with a
projection (Section 2.3).
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NH

Normal variety

North American window

Oblique variety

Octagon

Octagon grid

Orthomorphic
variety

Parallel

Perspective variety
Planar

Planar variety

Polar stereographic
projection

Polysuperficial
variety

Position class

Projection

Northern Hemisphere (Table 3.5).

A variety of the position class in which the axis of
symmetry of the geometric figure associated with the
projection coincides with the rotational axis of the
earth (Section 2.3).

Stationary window covering most of North America;
used by the North American Half-mesh Analysis Models
(Section 3.1.3.6.1).

A variety of the position class in which the axis of
symmetry of the geometric figure associated with the
projection is neither perpendicular to nor
coincident with the rotational axis of the earth
(Section 2.3).

Same as Octagon Grid.

An octagon-shaped grid; an important numerical
weather analyses and prediction grid for both the
Northern and Southern Hemispheres (Section 3.1.3.1).

Same as conformal variety.

Line of constant latitude, encircling the earth in
the east-west direction.

Same as geometric variety.
Pertaining to a plane; two-dimensional.

A variety of the nature class in which a plane 1is
the geometric figure associated with the projection
(Section 2.3).

One type of conformal projection using a plane
as the image surface; common in Northern and
Southern Hemispheric applications (Section 2.4).

A variety of the coincidence class in which a
succession of different geometric figures is
associated with the projection (Section 2.3).

Indicates the alignment of the axis of the earth
with respect to the geometric figure associated with
a projection (Section 2.3).

The representation of the surface of the earth on an
image surface or image plane. 1In some cases this
representation can be generated geometrically using
rays from a point on or within the earth's surface
to project the earth's surface onto a geometric
figure (Section 2.2).
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Property class

Quarter-mesh grid

Ray

Reference grid

Reference longitude

Regions Data Base

Rhumb line

Secant variety

Semi-geometric

SGDB

SGDB box

SGDB Box 1J
convention

SGDB Box I1J
indices

SGDB Tropical
Grid

SH

SIXLVL

Sixty-fourth-mesh
grid

Indicates the conservation of distance, area, shape,
or angle in generating a projection (Section 2.3).

Grid on which the grid length is one-fourth the
whole-mesh value.

Straight line used to project the surface of the
earth onto the geometric figure.

The areal superset grid for all grids of a given
mesh size and hemisphere.

Longitude used in specifying the coordinate axes for
projections, maps, and grids.

AFGWC data base in which observations are stored
individually by geographic regions (Section 4).

Same as loxodrome.

A variety of the coincidence class in which the
geometric figure associated with the projection
intersects the earth's interior (Section 2.3).

A variety of the generation class in which the
projection is derived from the earth's surface using
a combination of projection by rays and mathematics
without consideration of rays (Section 2.3).

Satellite Global Data Base; data base that contains
global high-resolution (about 3 nm or 6 km) radiance
measurements (from satellite) in the visual and
infrared ranges (Sections 3.1.3.5, 3.2).

Areal subset of the SGDB grid; each box contains
64x64 = 4096 sixty-fourth-mesh points (Sections
3.1.3.5, 3.2.2).

Convention for uniquely specifying each of the
64x64 grid points in a SGDB box (Section 3.1.3.5).

The indices of the SGDB Box IJ convention
(Section 3.1.3.5).

A tropical grid on a Mercator projection used
for processing satellite imagery (Section 2.3).

Southern Hemisphere (Table 3.5.).

Six-level Baroclinic Prediction Model; provides
operational forecasts for the Southern Hemisphere
and updated forecasts for the Northern Hemisphere
(Section 3.1.3.2).

Grid on which the grid length is one-sixty-fourth the
whole-mesh value.
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Standard latitude(s)

Stationary window
grid

Super Grid

SYNAPS

Tangent variety

Transverse variety

TRONEW

True latitude

U.S. boundary-layer
window

U.S. window

Variety

Whole-mesh grid

Whole-mesh grid
length

Whole-mesh grid
spacing

WMO

Latitude(s) at which the image surface represents
true earth distance; that is, latitude(s) at which
the image scale ¢ is unity.

Grid with a limited—area domain whose location
cannot be varied (Section 3.1.3.6).

Same as Reference Grid.

Program that processes video and infrared satellite
data and stores them into the SGDB; the processing
interface between the satellite data formaters and
the SGDB. The name is derived from the word
synapse, which is the point of contact along which
impulses are transmitted between two nerve cells
(Sections 3.1.3.5, 3.2.2).

A variety of the coincidence class in which the
geometric figure associated with the projection
intersects only the earth's surface and not the
earth's interior (Section 2.3).

A variety of the position class in which the axis of
symmetry of the geometric figure associated with the
projection is perpendicular to the rotational axis
of the earth (Section 2.3).

Tropical Cloud Forecast Model (Section 3.1.3.4).
Same as standard latitude.

Areal subset of the North American window;

used by the U.S. Boundary-layer Model (Section
3.1.3.6.2).

Same as North American window.

One of the mutually exclusive subsets of each of the
five classes used in categorizing projections
(Section 2.3).

Grid whose grid length serves as a basis for all
finer-mesh grid lengths; grid whose grid length is
the whole-mesh grid length (Sections 3.1.1, 3.2).
For a polar stereographic projection, a grid
length of exactly 381 km at 60°N (or ©S) on the
earth's surface; for a Mercator projection, a grid
length of approximately 381 km at 22.5°N and ©S

on the earth's surface (Sections 3.1.1, 3.2).

Same as whole-mesh grid length.

World Meteorological Organization.
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WMO Region

3DNEPH

3DNEPH box

3DNEPH Box IJ
convention

3DNEPH Box 1IJ
indices

- A geographic region by which the location of

observations may be specified according to
convention established by the WMO (Section 4).

Three-dimensional Nephanalysis Model; provides
eighth-mesh cloud analyses for both the Northern and
Southern Hemispheres (Section 3.1.3.3).

One of 64 areal subsets of the 3DNEPH grid; each box
contains 64x64 = 4096 eighth-mesh points (Section
3.1.3.3).

Convention for uniquely specifying each of the
64x64 grid points in a 3DNEPH box (Section 3.1.3.3).

The indices of the 3DNEPH Box IJ convention
(Section 3.1.3.3).
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CDFS II Technical Requirements Document Attachment 1

2Addendum to AFGWC Technical Note 79/003 (Revised), '"Map Projections and
Grid Systems for Meteorological Applications'

1. This addendum to AFGWC/TN-79/003 (Rev) defines the new AFGWC
sixteenth-mesh grid system defines the sixteenth-mesh grid in relation to
other AFGWC grid systems. It consists of changes to existing tables in the
current Technical Note and additional equations defining the sixteenth-mesh
grid. The new sixteenth-mesh grid is defined both in "super I,J"
coordinates and in relation to the current eight-mesh grid box system.

2. Page 37. Replace current Table 3.3 with:

Table 3.3 The Polar Stereographic Reference Grids.

MESH SIZE  MESH ARRAY SIZE GRID POINT  DISIANCE 4, BEIWEEN
FACTOR IxJ = TOTAL NUMBER LOCATION OF GRID POINTS AT
(M) OF POINTS THE POLE 60°_LATITUDE (N/S)
(Ips Jp) KILOMETERS NAUTICAL
MILES*
WHOLE 1 65%X65= 4,225 (33, 33) 381. 205.72354
HALF 1/2 129x129= 16,641 (65, 65) 190.5 102.86177
QUARTER 1/4 257x257= 66,049 (129, 129) 95.25 51.43088
EIGHTH 1/8 513x513= 263,169 (257, 257) 47.625 25.71544
SIXTEENTH 1/16 1025x1025= 1,050,625 (513, 513) 23.8125 12.85772

THIRTY-SECOND 1/32 2049x2049= 4,198,401 (1025, 1025) 11.90625 6.42886
SIXTY-FOURTH 1/64 4097x4097=16,785,409 (2049, 2049) 5.953125 3.21443

* based on the intermational nautical mile (nm) for which 1 nm = 1852 m.
3. Page 42. Replace current Table 3.5 with:
Table 3.5. Hemispheric Grids for Numerical Weather Analysis and

Forecasting. The pole location is with respect to each particular grid,
not the Reference Grids. NH indicates Northern hemisphere (H = +1, =

60°N) and SH indicates Southern Hemisphere (H = -1, o = 60°S). °
GRID DOMAIN MESH ARRAY SIZE GRID POINT
FACTOR IXJ = TOTAL LOCATION OF THE
M) NUMBER OF POINTS POLE (I, Jp)
Whole—mesh Octagon NH/SH 1 47X51 = 2,397 (24, 26)
Half-mesh Octagon NH/SH 1/2 93X101 = 9,393 (47, 51)
TRONEW NH/SH 1/2 128X128 = 16,384 (65, 65)
AWSPE NH only 1 53%X57 = 3,021 (27, 29)
SIXLVL NH/SH 1 51%51 = 2,601 (26, 26)
3DNEPH NH/SH 1/8 512x512 = 262,144 (257, 257)
Sixteenth-mesh NH/SH 1/16 1024x1024 = 1,048,576 (513, 513)
SGDB NH/SH 1/64 4096x4096 = 16,777,216 (2049, 2049)




3.

Page 51, add the following:
"3.1.3.3.a. SIXTEENTH-MESH GRIDS

Sixteenth-mesh grids are 1024x1024 subsets of the 1025x1025
Sixteenth-mesh Reference Grids. The bottom row (J=1025) and the
right-most column (I=1025) are not included in the hemispheric subset
grids to be used by sixteenth-mesh gridded models (Figs 3.15 amd 3.16).
Information stored on sixteenth-mesh grids is assumed to be representative
of conditions swrrounding each grid point.

Sixteenth-mesh hemispheric grids can be partitioned into the same 64
3DNEPH boxes as eighth-mesh hemispheric grids, so as to facilitate
processing and adaption into the current AFGWC software architecture. As
in 3DNEPH processing, the four cormer boxes will not be used. Each box,
though, will contain an 128x128 array of sixteenth-mesh grid points.
Within the Sixteenth-mesh Reference Grid, the 3DNEPH box number (Bp) for
any particular eighth-mesh 3DNEPH box is given by:

B, = 1 + INT(I;6-1, 128) + 8[INT(J16-1, 128)] (3.18a)

for 1<I,¢<1024 and 1<J74<1024. The INT and MOD functional designators are
the same as described above in para 3.1.3.3.

Within each box, an indexing convention (I, J,) is used to designate
the 128x128 array of grid points (see Fig. 3.17). Sixteenth-mesh
Reference Grid indices (Iy¢, J16) can be obtained from the sixteenth-mesh
indices (I, Jp) in any 3DNEPH box (Bn) by:

I,6 = I + 128[MOD(B,-1, 8)] (3.19a)
Jy1g = I + 128[INT(B,-1, 8)]) (3.20a)
where 1<I <128 and 1<J,<128.

Sixteenth-mesh Reference Grid indices (I;g, J1g) may be transformed to
sixteenth-mesh indices (I, J,) internal to any particular 3DNEPH Box by:

I, = 1+ MOD(I -1, 128) (3.21a)
Iy = 1 + MOD(J16-1, 128) (3.22a)"
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4. Page 49. Replace Figure 3.15 as attached. Replace caption with:

"The grid system of the Real-time Nephanalysis (RINEPH) and Sixteenth-mesh
gridded models for the Northern Hemisphere. The (I, J) indexing
conventions are the same as those for the Eighth-mesh and Sixteenth-mesh
the whole-mesh, eighth-mesh, and sixteenth-mesh coordinates, respectively,
for the Reference Grids, RINEPH, and sixteenth-mesh models. The 64 RINEPH
boxes are indicated; the four corner boxes are not used. The (I, Jp)
coordinate axes in the lower-right corner show the RINEPH Box IJ
convention for a sample RINEPH box. Each RINEPH box contains the grid
points on the upper and left boundaries, but pot the lower and right
boundaries. The labels (64.875), (512), and (1024) on the axes
respectively indicate the whole-mesh, eighth-mesh, and sixteenth-mesh
values of the last row of the RINEPH and sixteenth-mesh model grid
systems, which each have one less row than the Eighth-mesh and
Sixteenth-mesh Reference Grids. The whole-mesh grid spacing is displayed
in the upper-left corner."



251

5\3

170

tieay)
1625

i
1 . 257 sz 770 (1029) 1618
3 = = - -
le 1 - 5 SIS3
- L] R

T TTURTTTNTIITNS FTPRNTI IR P

Y& |
L |
> v
= 5
x .
Iﬂa k3
S0 b BT
Fi —_

Page 50. Replace Figure 2 .16 as attached. Replace caption with:

"The grid system of the Real-time Nephanalysis (RINEPH) and Sixteenth-mesh
gridded models for the Soi—hern Hemisphere. The (I, J) indexing
conventions are the same as those for the Eighth-mesh and Sixteenth-mesh
whole-mesh, eighth-mesh, and sixteenth-mesh coordinates, respectively, for
the Reference Grids, RINEFH, and sixteenth-mesh models.

The 64 RINEPH boxes are imdicated; the four corner boxes are not used.

The (I, Jpn) coordinate axes in the lower-right corner show the RINEPH Box
1J convention for a sample RINEPH box. Fach RINEPH box contains the grid
points on the upper and 1eft boundaries, but not the lower arnd right
boundaries. The labels (54.875), (512), and (1024) on the axes
respectively indicate the whole-mesh, eighth-mesh, and sixteenth-mesh
values of the last row of the RINEPH and sixteenth-mesh model grid
systems, which each have cne less row than the Eighth-mesh and
Sixteenth-mesh Reference Crids. The whole-mesh grid spacing is displayed
in the upper-left corner.”
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6. Page 52. Replace Figure 3.17 as attached. Replace caption with:

"The relationship of RINEPH Box IJ indices (I, Jp) to Whole-mesh
Reference Grid indices (I, Jy). Eighth-mesh Reference Grid indices (Ig,
Jg), and Sixteenth-mesh Reference Grid indices (I,¢:/ J,g) for an exanple
RINEPH box (box number B,=44). Note that grid points on the lower and
right boundaries (solid lines) of the box are located in adjacent boxes.
The dashed lines indicate the actual lower and right boundary rows of the

box, with (I, J) indices given in parentheses on the axes."
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